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A B S T R A C T 
Density ( /) and ul t rasonic ve loc i ty (u) of pure compo-
nents as well as those of the binary mixtures of aqueous solu-
t ions of amino acids: glycine --t-alanine, glycine -Meucine and 
glycine -£rthreonine have been measured as functions of tempera-
ture and composition. The density and ul t rasonic ve loc i ty data, 
reported e a r l i e r [V.K. Rattan e _ t ^ . , Aust. J . Chem., 42, 1077 
(1989)] , of pure components as well as those of the binary 
mixtures of organic l i qu ids : prop-2-en-l-ol - e thyl benzene 
and prop-2-en- l -o l - isopropyl benzene, have been used for 
computation purpose. The ul t rasonic v e l o c i t i e s of aqueous 
solut ions of amino acids have been found to increase with 
increase in temperature. 
Using the density and the u l t rasonic veloci ty data , the 
adiabat ic compressibi l i ty ( p . ) , the excess adiabatic compre-
E ® 
s s i b i l i t y ( p . ) , the molar ul t rasonic ve loc i ty (R), the specif ic 
acoustic impedence (Z) and the Wada's constant (B) have been 
evaluated. These parameters have been found to vary with 
va r ia t ions in temperature and composition. The trend of va r i a -
t ions for these > parameters changes from system to system. 
( i i ) 
Isothermal compress ib i l i t ies (py) of these systems have been 
computed using the various equations based on the hard-sphere model 
for the l iquid s t a t e . The in ternal pressure (P.) and the so lub i l i t y 
parameter(§ ) have also been calculated and are found to increase 
with increase in temperature. The calculated values of Pseudo-
Gruneisen Parameter C]"^ ) have been found to decrease with increase 
in temperature. 
The F lo ry ' s s t a t i s t i c a l theory of l iquid s ta te has been 
applied to these systems. The parameters such as reduced volume 
f\^ ^ N / •'*»-' 
(V), reduced temperature (T), reduced pressure (P) , c h a r a c t e r i s t i c 
It It 
volume (V ) , cha r ac t e r i s t i c temperature (T ) and cha rac t e r i s t i c 
. * . 
pressure (P ) have been evaluated. These reduced and character -
i s t i c parameters have been, in turn, u t i l i s e d to compute the excess 
volume of mixtures. A close agreement between the computed values 
and the experimental data , support the va l i d i t y of the theory in 
explaining the behaviour of binary mixtures of aqueous solut ions 
of amino acids as well as of organic l iqu id mixtures. 
The values of surface tension (cr) and thermal conductivi ty 
(A ) have been computed by using the u l t rasonic ve loc i ty and the 
densi ty da ta . The values are found to vary with temperature as well 
as with composition. 
The above data suggest e i t he r the presence of an extremely 
weak or even the absence of associat ive intermolecular in t e rac t ions . 
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Amino acids and peptides are the fundamental s t ruc tu ra l 
un i t s of p ro te ins , depsipeptides, ce r ta in types of hormones and 
a n t i b i o t i c s , and many other compounds of biological re levance. 
I t i s generally recognised tha t in the absence of experimental 
thermodynamic data for these macromolecules, amino acids and 
pept ides can serve as useful models in estimating the i r proper-
t i e s ( 1 , 2 ) . Even in s i tua t ions where experimental data are avai-
l a b l e , the proper t ies of these smaller uni t s are s t i l l found 
applicable in exploring the various aspects of s t ruc tu ra l orga-
n iza t ion in the l a rger bioraolecules ( 3 ) . 
Studies of organization and thermal s t a b i l i t y of proteins 
have been the focus of invest igat ions in biochemistry for decades 
(4,5) . S t ructura l d e t a i l s revealed by high - resolu t ion X-ray 
crysta l lography, neutron differa^tion spectroscopy and thermodyna-
mic methods have contributed a grea t deal towards our understanding 
of pro te in function. The most r e l i ab l e information about the 
phenomenon of folding would obviously be obtained by observing 
the process under in vivo condit ions, where i t is believed to 
take place almost instantaneously during the ribosomal syn thes i s . 
However, the l imi ta t ions of the experimental techniques to studying 
such f a s t in vivo processes turn out to be a major impediment to 
obtaining such d i r ec t information. The focus of study thus sh i f t s 
to consideration of ind i r ec t methods of inves t iga t ion . 
: 2 : 
In the pas t , several ind i rec t methods have been used to 
inves t iga te the folding of p ro te ins . Most common among them 
include the determination of amino acid sequence and i t s cor re-
l a t i on with s t ructure ( 6 ) , the study of refolding experiments 
using denaturans ( 7 ) , theore t ica l modelling using computer 
simulations ( 8 ) , and thermodynamic analysis of conformations 
involved in folding process ( 3 , 9 ) . Often, the v a l i d i t y of some 
of these methods has been questioned. For exan^ple, a considerable 
redundancy In the rules re la t ing amino acid sequence and protein 
s t ruc ture has been described (10)* Also, the process of rever^ , 
s ible denaturation as a useful representa t ion of the folding 
process can be ser ious ly questioned on a number of grounds(ll)» 
The method of computer simulation appears to be promising but 
i s qu i te cumbersome in terras of dealing with every large number 
of conformational p o s s i b i l i t i e s , even in the case of simple 
p ro t e in s . The thermodynamic method is in a developemental 
s tage , as the techniques for observing thermodynamic proper t ies 
with higher accuracy are continually evolving. 
Recently there has been an increased i n t e r e s t in the 
s t a t e of water in the l iv ing c e l l . Since most b iological macro-
nolecules are physiological ly active in aqueous so lu t ions , a 
Icnowledge of water - protein in te rac t ion i s necessary to under-
stand the role of water solvated to soluble organics in the 
: 3 
l i v ing c e l l s . A be t t e r understanding of th i s type of in te rac t ion 
may be obtained from dipolar ions* Since amino acids are zwitt^ 
er ions in aqueous solut ions (12-14)» t he i r volume and compresi-
b i l i t y proper t ies should r e f l e c t s t ruc tu ra l in te rac t ions with 
water molecules as in the case of e l e c t r o l y t e s . 
Ultrasonic veloci ty and v i scos i ty data are of increasing 
i n t e r e s t as they are the basis of s t ruc tu ra l s tudies of l iquid 
mixtures . The v e l o c i t i e s of ul trasound, isentropic compressi-
b i l i t i e s and v i s c o s i t i e s are useful tools in studying the nature 
and degree of associa t ion or d i s soc ia t ion , complex formation, 
and dispers ion forces in l iquids and the i r mixtures. Ultrasonic 
ve loc i ty and i t s derived parameters have been extensively used 
to study the molecular in te rac t ions in pure l iqu ids (15) , t he i r 
binary and ternary mixtures (16-21), as well as in molten e l ec -
t r o l y t e s (22,23) , while ionic in te rac t ions in those of single 
and mixed s a l t solut ions (24-26). A departure from l i n e a r i t y 
in the veloci ty versus composition behaviour in l iquid mixtures 
i s taken as an indicat ion of the existence of in te rac t ion between 
the d i f fe ren t species (25-28) . However, i t i s seen tha t a r epre -
senta t ion in terms of the observed parameters, such as ve loci ty 
of the u l t rasonic waves, has a l imited u t i l i t y . Such a repre-
senta t ion does not provide any Information about the nature and 
the r e l a t i v e s t rengths of the various intermolecular i n t e r a c t i o n s . 
However, several theore t i ca l and experimental (29-31) inves t iga-
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t ions have revealed tha t a representat ion in terms of derived 
parameters such as adiabat ic compressibi l i ty , 6 , molar sound 
ve loc i ty , R, specific acoustic impedence, Z, Wada's constant , B, 
intermol^cular free length, L^t solvation number, S , excess f ree-
volume, Vx, and Gruneisen parameter, 1"" , provide a be t t e r 
ins igh t into the intermolecular processes* 
Several workers have successfully applied 
the f ree- length theory of Jacobson (38) to evaluate the sound 
ve loc i ty in many binary l iquid mixtures and molten s a l t s ' mix-
t u r e s . The co l l i s ion factor theory of Schaaffs (39,40) has also 
been used successfully to compute the sound veloci ty in binary 
l iqu id mixtures (17,22,36,37) . Noraoto (41) and Bhimsenachar e_t al 
(42) evaluated the u l t rasonic veloci ty in binary l iquid mixtures 
by using the Nomoto's r e l a t i on . Van Dael and Vangeel (43) have 
applied the ideal mixing r e l a t ions for evaluating the u l t rasonic 
v e l o c i t i e s in l i q u i d s . Nomoto's and Van Dael and Vangeel 's 
theor ies have also been successfully employed to evaluate the 
u l t r a son ic veloci ty in binary l iquid mixtures (29) in molten 
s a l t mixtures (22) and in ionic s a l t solut ions (24) , 
In recent years , several workers (44-54) have proposed 
a number of f lu id equations of s t a t e based on the hard-
sphere model. Some of them have been used to obtain the various 
• 5 • 
thermodynamic p roper t i es of the systems. The equation of 
Lebowitz e^ al_. was applied by S t i l l i n g e r (55) to the molten 
a l k a l i halides to ca lcu la te the in te r ionic dis tances and 
found the close agreement between tl^e calculated and those of 
the experimental va lues . Mayer (56) applied th i s equation to 
study the molecular parameter r e l a t ionsh ip between the surface 
tension and the compress ibi l i ty . Rao e^ t^  al.. (57,58) used the 
equation of Lebowitz e t al_. for the evaluation of acoust ical 
p roper t i e s (veloci ty and absorption coeff ic ients) of l iqu ids 
and also computed the molecular diameter. 
The equations of Carnahan and Star l ing (59) and Thiele 
(49) were employed to obtain the Isothermal compressibi l i ty 
as well as the re la ted proper t ies of a number of l i qu ids at 
room temperature. P a n d a y ^ j d . (60) have applied same equa-
t ions of s t a t e to obtain the isothermal compress ib i l i t i es of 
l i qu id neon. This theory has also been applied to obtain the 
isothermal compress ib i l i t i es in the cases of molten s a l t mixtures 
(22 ) . 
The surface tension, <r; of any solution is the d i r e c t 
consequence of i t s cohesive fo rces . Hence, i t i s one of the 
various physical proper t ies which has been invest igated to under-
stand the in te rac t ions in binary molten s a l t mixtures and ionic 
s a l t so lu t ions . Many attempts (22,24) have been made for the 
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t heo re t i ca l cor re la t ion of surface tension of l i q u i d s , molten 
s a l t s and the i r binary mixtures with u l t rasonic v e l o c i t i e s . 
Guggenheim (61) using a quas i - c rys t a l l i ne model, has derived 
equations for ideal and regu la r so lu t ions . Heymann ej^ ^ . (62) 
employed the Cjuggenheim's method to t e s t if ce r ta in molten 
s a l t s are non~interacting or they contain cer tain complexes. 
An improved derivat ion was developed by Hoar and Melford (63 ) . 
Bertozzi and Sternheim (64,65) applied the method to ca lcu la te 
the surface tension of a lka l i n i t r a t e s and binary ha l ides ' 
systems and found poor agreement with those of ithe experimental 
va lues . To find good agreement with the experimental r e s u l t s , 
they introduced a parameter in these de r iva t ions , ca l led the 
'Tobolsky Parjameter', a function of in te r ion ic d is tances of the 
respect ive pu:ce s a l t s only. 
Nissen and Domelen (66,67) used an equation, based on the 
regular solut ion theory, assuming the q u a s i - l a t t i c e model and 
random d i s t r i bu t ions of species both in the bulk phase and in 
the surface phase, to calculate the surface tension of molten 
s a l t mixtures. Here, they found good agreement with the expe-
rimental values and the deviat ions are a t t r ibu ted to non-coulombic 
i n t e r a c t i o n s , which inval idate the random mixing assumption 
imp l i c i t in the theore t ica l equat ions. These ca l cu l a t i ons , were 
based on the density of the pure components and the in te rac t ion 
parameter, which can be obtained from the heats of mixing. 
On the basis of theories of l iqu id s ta te some attempts 
have been made to ca lcula te the surface tension in the cases of 
l i q u i d s . Lennard-Jones (68) and Corner have calculated the c 
values by employing the free-volume theory. Lebowitz and Frisch 
(69) used the hypernated chain theory for th i s purpose while 
Eyring e t a l . (71) employed the s ign i f i can t s t ructure theory. 
These theor ies reproduce the experimental values of o~ reason-
ably good in t^le low density range unlike those obtained in the 
higher densi ty range. Ono (72) has reviewed the methods avai-
lable for the ca lcula t ion of surface proper t ies by employing 
such t h e o r i e s . 
The evaluation of in ternal pressure and s o l u b i l i t y para-
meter for pure l iqu ids have been performed by many workers 
(7 3-81) . In the theory of l iquid s t a t e , the re la t ion between 
the in te rna l energy and the molar volume is of considerable 
in^or tance, Dunlop e t a l . (82) have evaluated the in te rna l 
pressure of d i f ferent l iquid mixtures and compared these values 
with those of t h e i r cohesive energy densi ty va lues . Stavely e t al^. 
(83) predicted in te rac t ion in l iqu id mixtures by comparing the 
in t e rna l pressure of individual components. Thermodynamic and 
u l t rason ic measurenents provide a very good means (84) for the 
determination of in te rna l pressure of l i q u i d s . Panday ejt^  al_. (85) 
extended the studies of binary l iquid mixtures and shoved tha t 
the excess in te rna l pressure , l ike other excess thermodynamic 
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parameters , var ies with change in composition and temperature 
in the systems of t h e i r inves t iga t ion . The in ternal pressure 
can also be evaluated from Buchler e_t j l . r e l a t ion ( 8 6 ) . This 
r e l a t i o n i s extensively used for the determination of in te rna l 
pressure of molten s a l t s (22) and l iqu id metals ( 8 7 ) . Simi-
l a r l y , the so lub i l i t y parameter has been found to be a very 
useful tool for assessing the compress ib i l i t ies of various 
lubstances and i t has served as an e f f i c i e n t guide in the 
se lec t ion of proper compounding ingradients (88) and solvents 
(89-91) for polymeric substances and p a i n t s . 
The Pseudo-Gruneisen parameter, a dimensionless constant 
governed by the molecular order and s t ruc tu re has been a subject 
of study for thie sol ids (91-93) for several years . Knopoff ejt al^. 
(94) have extended th i s study to l iqu ids a l so . S.K. Kor ejt aJL. 
(95) have evaluated the value of parameter for l iquid argon over 
a wide range of temperature and pressure . O r i g i n a l l y , t h i s para-
meter was connecting the thermal expansion coeff ic ient with the 
specif ic heat a t constant volume for the study of s o l i d s . Later on, 
the u t i l i t y of th i s parameter was real ized for obtaining some 
idea about the l a t t i c e behaviour of l i q u i d s , by defining i t s 
pseudo counterpart , which is re la ted to the veloci ty of u l t r a -
sound in, l i q u i d s . 
Several attempts (96-101) have been made to examine the 
j t i l i t y of Flory* s s t a t i s t i c a l theory (102-104) in studying the 
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excess thermodynamic functions in binary and ternary l iquid 
mixtures (105-108), molten s a l t mixtures (22) and aqueous 
solut ions of ionic s a l t s (24) . Parameters required for i n t e r -
p re ta t ion of r e s u l t s for pure as well as of t h e i r mixtures 
cons i s t of the ireduced and the c h a r a c t e r i s t i c quan t i t i e s of 
temperature,pressure, volume, and in te rac t ion parameter, 
^12* ^ °^ *^^® theory. This theory has also been applied 
successfully to estimate the v i scos i ty , the surface tension 
and the ultrasound veloci ty in the cases of binary l iquid 
mixtures (109-111), molten s a l t mixtures (22,108,112,113) and aqueous 
so lu t ions of ionic s a l t s (24 ) . 
I t appears, however, from the exhaustive l i t e r a t u r e 
survey tha t no attempt has been made to apply these theor ies 
to the cases of amino acids mixtures. 
Consequently, with a view to understanding the i n t e r -
molecular/ in te r ionic in t e rac t ions , the dens i t i e s and the u l t r a -
sonic v e l o c i t i e s were measured as function of temperature and 
composition of the aqueous solutions of amino acid mixtures: 
[x glycine+(l-x) a l an ine ] , [x glycine+( 1-x) leucine] and [x 
glycine+(l-x) th reon ine] . In addi t ion, the behaviour of l iquid 
nixtures [x prop-2-en-l -ol+(l -x) ethylbenzene] and [x prop-2-en-
L-ol+(l-x) isopropyl benzene] i s also studied, using the e a r l i e r 
reported (114) values of dens i t i e s and ul t rasonic v e l o c i t i e s . 
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Pur i f i ca t ion of Toluene (115): * 
Since commercial toluene contains methyl thlophene 
( th io to luene ) , b.p 112-113°C, I t can not be puri f ied by simple 
d i s t i l l a t i o n . I t was purif ied by shaking repeatedly with 
about 15 per cent of i t s volume of concentrated sulphuric acid 
in a stoppered seperating funnel un t i l the acid layer becomes 
c lour less or pale yellow on standing or un t i l the thlophene 
t e s t was negat ive. After each shaking las t ing a few minutes, 
the mixture was allowed to s e t t l e and the lower layer of acid 
was drawn off. The toluene was then shaked twice with water 
to remove most of the acid, once with 10 per cent sodium 
carbonate solut ion followed by water and f ina l ly dried with 
anhydrous calcium ch lor ide . After f i l t e r a t i o n toluene was 
d i s t i l l e d through an e f f i c i en t coloumn and the f rac t ion , b .p . 
80-81®C»was co l lec ted . Sodium wire was introduced into the 
d i s t i l l e d toluene. 
Pu r i f i ca t i on of Ouinoline (115): 
Quinoline was d i s t i l l e d several times under reduced 
pressure of 20 mm Hg a t 118-120°C. 
11 : 
Temperature Control: 
Thermostated glycerol and water bath were used to maintain 
a uniform temperature throughout the measurements of densi ty and 
u l t rason ic ve loc i ty . The bath consisted of an immersion heater 
(250 W),a s t i r r e r (Remi make), and a check and a contat thermo-
meters [TGL 35178, I ^^ » 0.03A, U„,^ = 250 V CGDFJ] . The check 
max max '^ 
thermometer (GDR) was N.B.S. ca l ibra ted to record + 0.1® var ia -
t i on . A relay [Jumo type NT 15.0, 220 V — ISA (GDR)] was used 
to control the va r ia t ion in temperature. The overal l temperature 
s t a b i l i t y was found to be within + 0 .01° . 
Mater ia ls and Sample Preparatiorft 
All amino acids in the -t-stere©isomeric form were pur-
chased from SRL Bombay (INDIA) and used without further p u r i f i -
ca t ion . Solutions of amino acids vere prepared with double -
d i s t i l l e d water and were degassed by bo i l ing . The degree of 
degassing was suf f ic ien t to prevent formation of a i r bubbles 
in the u l t rasonic c e l l , which could lead to increased measured 
values of u l t rasonic ve loc i ty . All the solutions were prepared 
by weighing of solute mater ia l . The amino acids were dried at 
110°C before weighing. 
12 : 
Density Measurement: 
A pyknometer consis t ing of a small bulb with f l a t bottom 
(^^4 ml capacity) and graduated stem was used for the density 
measurement. Each mark on the steVn of the pyknometer was c a l i -
brated using purified toluene as a reference l i q u i d . The den-
s i ty of toluene required for ca l ib ra t ion purpose was given by 
-3 -6 2 -9 3 
/»^ = 0.88412-0.92248x10 t40.0152xlO t -4.223x10 t . 
where t stands for temperature in ®C. Now using the values of 
dens i t i e s and mass of toluene, the volume of pyknometer a t each 
mark was ca l ib ra t ed . To check the reproducib i l i ty of ca l i b r a -
t ion , the same process was repeated with d i f fe ren t weights of 
to luene. From the known volume of ca l ibra ted pyknometer a t 
each mark and mass of toluene, the dens i t i e s were ca lcu la ted . 
I t was found that the accuracy of densi ty measurements was within 
+ 0.01>< . 
The pyknometer was f i l l ed with the t e s t solut ion and 
immersed in the thermostated bath. The temperature a t each 
mark on the stem of pyknometer was recorded by increasing the 
temperature of the bath. The dens i t i e s were determined by 
recording the volume changes as a function of temperature. 
: 13 : 
Measurement of Ult rasonic Velocity; 
Instrumentation: 
(1) Working, p r inc ip le : An u l t rasonic interferometer i s a 
simple and d i r e c t device to determine the u l t rasonic 
veloci ty in l i q u i d s . In the present work, a s ingle 
frequency (2 MHz) u l t rasonic interferometer ( M i t t a l ' s 
Model M-83, NPL Patent) was used to measure the u l t r a -
sonic veloci ty in l iquids with high accuracy (within 
+ 0.15?<). 
I t s p r inc ip le of working i s based on the accurate 
measurement of wave length, ^ , in the medium. The u l t -
rasonic waves of known frequency, \} , are produced by a 
quartz c rys ta l - f ixed a t the bottom of the ce l l and are 
ref lected by a movable metal l ic plate kept pa r a l l e l to 
the quartz c r y s t a l . If the separation between these two 
p la tes is exactly a whole multiple of the sound wave 
length, standing waves are formed in the medium. This 
acoustic resonance gives r i se to an e l e c t r i c a l react ion 
on the generator driving the quartz c rys ta l and the anode 
current of the generator becomes maximum. 
If the distance i s now increased or decreased 
and the var ia t ion i s exactly one-half wave length ( A/2) 
or multiple of i t , the anode current becomes maximum. The 
: 14 : 
u l t rasonic veloci ty can thus be obtained from the 
r e l a t i o n , 
u = /\ X ^ . 
( i i ) Description: The u l t rasonic interferometer cons i s t s 
of two p a r t s . 
(a) High frequency generator and (b) Measuring c e l l . 
(a) High frequency generator: I t i s designed to exci te the 
quartz c rys ta l a t the bottom of the measuring c e l l a t 
i t s resonant frequency to generate u l t rasonic waves in 
the experimental l iquid f i l l e d in the measuring c e l l . 
A micrometer to observe the change in current and two 
controls for the purpose of s e n s i t i v i t y regulat ion and 
i n i t i a l adjustment of micrometer are provided on the 
panel of the high frequency generator . 
(b) Measuring c e l l ; I t i s a specia l ly designed double walled 
c e l l for maintaining a constant temperature of the l iquid 
during experiment. A f i re micrometer screw has been 
provided a t the top which can lower or ra ise the r e f l ec to r 
p la te in the l iquid ( in the ce l l ) through a known d i s tance . 
I t has quartz c rys ta l fixed at the bottom. 
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Adiustment of Ultrasonic Interferometer: 
The instrument was adjusted in the following manner: 
(1) The ce l l was inserted in the square base socket and 
clamped to i t with the help of a screw provided on one 
of i t s s ides . 
(2) The curled cap of the ce l l was unscrewed and removed 
from the c e l l , then the experimental l iquid v/as f i l l e d 
into the middle portion of i t and curled cap screwed i t 
on. 
(3) Water was c i rcula ted through the two chutes in the double 
walled ce l l in order to maintain the desired temperature. 
(4) The ce l l wall was connected with a high frequency generator 
by a co-axial cable provided with the instrument. 
For the i n i t i a l adjustment two knobs are provided on 
high frequency generator, one is marked with 'Adj ' and other 
with 'Gain*. With knob marked 'Adj ' the pos i t ion of needle 
on the ammeter was adjusted and the knob marked 'Gain' was 
used to increase the s ens i t i v i t y of instrument for greater 
def lec t ion . The ammeter was used to record the maximum 
def lect ions by adjusting the micrometer. 
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MeasuremTitst The measuring ce l l was connected to the output 
terminal of high frequency generator through a co-axial cable . 
The ce l l was f i l l e d with the experimental l iquid before switching 
on the generator. The ul t rasonic waves of 2 MHz frequency pro-
duced by a gold plated quartz c rys ta l fixed at the bottom of a 
c e l l are passed thorough the medium and are ref lected by a movable 
p la te and the standing waves are formed in the l iquid in between 
the r e f l ec to r plate and the quartz c r y s t a l . Acoustic resonance 
due to these standing waves gives r i s e to an e l e c t r i c a l react ion 
to the generator driving the quartz p la te and the anode current of 
the generator becomes maximum. The micrometer screw was raised 
slowly to record the maximum anode cur ren t . The wavelength was 
determined with the help of to t a l distance moved by the micrometer 
for twenty maxima of anode current . The to t a l d i s tance , d, t r a -
vel led by the micrometer gives the value of wavelength with the 
help of the r e l a t i on , d = n xA^2, where n i s the number of 
maxima in anode cur ren t . Once, the wavelength is known, u l t rason ic 
ve loc i ty can be calculated as described e a r l i e r . The accuracy in 
u l t rason ic veloci ty measurement was found to be within + 0.15^ . 
CHAPTER-I 
ULTRASONIC VELOCITY AND MOLECULAR INTERACTIONS IN 




Measurements of ultrasonic velocity and absorption coeffi-
cient have been adequately employed to understanding the mole-
cular interactions in pure liquids (15) as well as in binary and 
ternary mixtures (16-21,107). Similarly, such studies have been 
undertaken to investigate the ionic interactions in single and 
mixed salt solutions (116-120), in polymers and electrolytic 
solutions (121,122) as well as in single molten salts and in 
their mixtures (22). Even though the ultrasonic velocity data 
as such do not provide significant information about the nature 
and the relative strength of various types of intermolecular 
inter ionic interactions, their derived parameters such as 
adiabatic compressibility, p., molar ultrasonic velocity, R, 
specific acoustic impedence, Z, Wada's constant, B, and Gruneisen 
parameter, "P*, throw some light on such interactions. 
In recent years theoretical evaluation of ultrasonic 
velocity in binary (ill) and ternary mixtures (123) has been the 
subject of interest. Several equations applying the ultrasonic 
velocity to molten salts and their binary mixtures or to organic 
solvents and their mixtures are the Nomoto relation (41), the 
ideal mixing relation of Van Dael and Vangeel (43), the collision 
factor theory of Schaaff's (40), the free-length theory of 
: 18 : 
Jacobson (38,39) and the F lory ' s s t a t i s t i c a l mechanical theory 
(102,104). A good agreement has been found between the theore-
t i c a l and the experimental r e s u l t s . Very few attempts have been 
made to determine the ul t rasonic veloci ty in aqueous solutions 
of b io logica l macromolecules and in t h e i r mixtures. 
In the present work, an attempt has been made to compute 
the various derived parameters using the u l t rasonic ve loc i ty and 
the densi ty data recorded in binary solut ions of amino acids: 
( i) X glycine + ( l -x ) alanine ( i i ) x glycine + (1-x) leucine 
( i i i ) X glycine + ( l -x ) threonine as well as in l iqu id mixtures 
reported e a r l i e r (114) v i z . ( i) x prop-2-en-l-ol + ( l - x ) ethyl 
benzene and ( i i ) x prop-2-en-l-ol + ( l -x ) isopropyl benzene. 
By employing the Nomoto, and the Van Dael and Vangeel r e l a t i o n s , 
the u l t rasonic v e l o c i t i e s have also been evaluated to examine 
the i r s u i t a b i l i t y in the cases of the systems under inves t iga t ion . 
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Theoretical 
The following relations are employed to evaluate the 
various derived parameters: 
-2 -1 
Ps = u / (1.1) 
2/3 . 2/3 
R = Mu / / = Vu (1.2) 
Z = u./ (1.3) 
-1/7 
B - V p ^ (1.4) 
s 
,E 
Ps "Ps " ^"^ Psl - ^^-^) Ps2^ ^1-^) 
v\*iere u stands for the ultrasonic velocity, / the density, 
M the molecular weight, V the molar volume of binary solutions, 
Z the specific acoustic impedence, B the Wada's constant, and 
P , P , and p 2 ^^^ ^^^ adiabatic compressibilities of binary 
mixtures and pure components, respectively, vhile x and (l-x) 
are the mole fractions of the two components. 
Nomoto (41) proposed an empirical equation for the evalua-
tion of ultrasonic velocity by assuming that the molar ultrasonic 
velocity depends linearly on the concentration of pure components 
of binary mixtures as follows: 
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R = X Rj^  + (1-x) R2 (1.6) 
where R, R, and R2 are the molar sound ve loc i t i e s of binary 
mixture and pure components, respect ive ly , while x and ( l -x) 
are the mole f ract ions of the pure components. 
R may also be expressed as follows: 
1/3 1/3 
R=Mu / / = Vu . , (1.7) 
The molar volume, V being additive in nature is 
expressed as follows: 
V = X V^ + (l-x) V2. (1.8) 
On subs t i tu t ing the values of R and V in equation 
(1.8) and on rearrangement, we get , 
3 / x R, + ( l -x) R^ \^ 
u = (R/V) = i ^ \ . (1.9) 
I x V^  + ( l -x ) V^  1 
These relations are found to be reasonably applicable to molecular 
liquids. Higgs and Litovitz (123) and Subramanyam and Bhimsenachar 
(125) proposed an expression fo.r explaining the behaviour of 
molar sound velocity in the case of molten salts, 
2/3 2/3 
R =Mu = vu . (1.10) 
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The app l i cab i l i ty of equation ( l . lO) has been extended to 
binary mixtures of molten sa l t s in the following form: 
3/2 [^ ^1 +(^~^) ^2 \ ^ / ^ 
u = (R/V) = 1 . (1.11) 
I X Vj^  + (1-x) V2/ 
Van Dael and Vangeel (43) proposed an alternate way for the 
evaluation of ultrasonic velocity by using the adiabatic 
compressibility, 
where (J),, ^2* Y^  and YO ^^ ® ^^^ volume fractions and the 
specific heat ratios of the pure components, while im refers 
to the ideal mixing. Equation (1.12) is found to be applicable 
to ideal mixtures satisfying the condition that Yi = T2 = Y( <j-)« 
Equation (1.12) may also be expressed as (126) 
Ps(im) =^1 hi ^^2 h2' 
This r e l a t i o n may, fur ther , be simplified and expressed 
in terms of the l inea r combination of mole f rac t ions presuming 
that Vj^  and V2 are equal, 
: 22 : 
s(im) = ^ ^ 1 ""^^'^^ Ps2-
Consequently, the ultrasonic velocity may be expressed as 
follows: 
1 X (1-x) 
X Mj^  + (1-x) M2 u (im) Mj^ Uj^  M2U2 
where M, and M2 are the molecular weights of the two compo-
nents. 
Results and Discussion; 
The density data of aqueous solutions of amino acids, 
X glycine + (1-x) ^ -alanine, x glycine + (1-x)-^-leucine and 
X glycine + (1-x) ^ -threonine,and liquid mixtures of x prop-2-
en-l-ol + (l-x) ethyl benzene and x prop-2-en-l-ol + (1-x) 
isopropyl benzene have been least-squares fitted to a linear 
equation of the fonn, / = a - bT, where / is the density 
at temperature T, while a and b are the constants. These 
results are listed in Table 1.1. 
The measured values of ultrasonic velocity alongwith 
those computed by employing equations (l.ll) and (1.13) are 
listed in Table 1.2, In the cases of aqueous solutions of 
: 23 
Table 1.1(a): Least-squares f i t parameters of the density 
equation, / = a-bT as a function of mole 
f r ac t ion . 
System: [x glycine + ( l -x ) alanine] 
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Table 1.1(a) Contd, 
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Table 1.1(b): Least-squares f i t parameters of the densi ty 
equation, / = a-bT ^s a function of mole 
f r ac t i on . 
system : [x prop-2-en-lol + (1-x) ethyl benzene] 
-3 4 
Mole f ract ion of a/gm cm -b x 10 / 
prop-2-en- l -ol (x) ^^ ^^-3 j^-1 
0.0000 1.1188 8.590 
0.0803 1.1765 10.570 
0.1746 1.2095 11.720 
0.3464 1.2150 11.970 
0.4789 1.2073 11.770 
0.6762 1.2012 11.640 
0.7705 1.2143 12.110 
0.8753 1.2082 11.960 
0.9437 1.1745 10.900 
1.0000 1.1092 8.810 
Contd P/ 
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Table 1 . 1 ( b ) Contd 
System : [x p r o p - 2 - e n - l - o l + ( l - x ) i s o p r o p y l b e n z e n e ] 
0 . 0 0 0 0 
0 . 0 5 5 1 
0 . 1 2 0 4 
0 . 2 0 5 1 
0 . 2 9 7 6 
0 . 4 4 3 5 
0 . 5 5 2 3 
0 . 6 4 3 7 
0 . 7 3 6 0 
0 . 8 2 8 9 






























amino acids the values of u are found to increase with increase 
in temperature while in those of liquid mixtures the u values 
decrease with increase in temperature. The values of u are also 
affected by variations in composition of aqueous solutions of amino 
acids and vary from system to system. In the case of [x glycine + 
(1-x) alanine] system, the values of u increase with increase 
in mole fraction of glycine, pass through a maximum at the mole 
fraction 0.117 and a minimum at mole fraction 0.543, which further 
Fig.l.l( a) 
increase showing another maximum at mole fraction 0.914./ in the 
case of [x glycine + (l-x) leucine] ,^nd [x glycine + (1-x) threo-
nine] the trend of variation of u with change in composition is 
Fig.l.l(b,c) 
not regular./ Such a trend of variation of u with change in 
composition seems to be due to various types of factors responsible 
for the said behaviour. The factors are, proton transfer reactions, 
involving both the -NH2 and -COOH groups in aqueous solutions 
of amino acids at different pH values, the polar nature of 
glycine and threonine which shows hydrophilic behaviour, the 
non polar nature of alanine and leucine shows hydrophobic 
behaviour, and finally the peculiar structure of water may also 
be responsible for such a behaviour. One of the abnormal 
properties of water is the variation of ultrasound velocity 
with temperature. That is, the prpagation of ultrasound velo-
city in normal liquids falls off with increase in temperature. 
: 29 : 
while for water the u l t r a son ic ve loc i ty a t t a i n s a maximum value 
of 1557 ms" a t a temperature of 74°C, and then decreases with 
increase in temperature. The adiabat ic compressibi l i ty of water 
shows a minimum a t 64*^0. These phenomeren apparently seem to be 
due to the pecul iar l i qu i a s t ruc ture of water. In the cases of 
l i q u i d mixtures of [x prop-2-en- l -o l + (1-x) ethyl benzene] and 
[x prop-2-en-l~ol + ( l -x ) isopropyl benzene], the values of 
u l t r a son ic ve loc i ty are found to decrease with increase in 
temperature. This seems to be due to a corresponding decrease 
in the density with increase in temperature. The values of 
u are also found to be affected by va r i a t ions in the composition 
of mixtures (Fig. 1.1 (d)). 
The adiabat ic compress ib i l i t i e s , p , of aqueous solut ions 
of amino acids and l iqu id mixtures are l i s t e d in Table l ,3f An 
examination of th i s table shows tha t an increase in temperature 
r e s u l t s in a decrease in the value of adiabat ic eompTessibility 
Such a decrease in the values of p with temperature seems to 
be a consequence of the so lu te-so lvent and so lu te - so lu te i n t e r -
ac t ions in the systems inves t iga ted . In the case of [x glycine 
+ ( l -x ) alanine] system, the glycine is an uncharged polar 
molecule while alanine i s nonpolar in na tu re . The polar nature 
of glycine shows hydrophilic behaviour with water while alanine 
shows hydrophobic behaviour. These types of so lu te - so lven t and 
so lu te - so lu te in t e rac t ions do not seem to f a c i l i t a t e compression and 
: 30 : 
Table 1.2(a)i Experimental and Theoretical ultrasonic 
velocities u(m/s) as functions of mole 
fraction and temperature• 
system: [x glycine + (l-x) alanine] 
Mole fraction/-/,,N 
of glycine(x)/^^^^ 
0 . 0 0 0 
2 9 8 . 1 5 
1 4 9 7 . 1 
3 0 3 . 1 5 
1 5 0 8 . 5 
X 8 . 1 5 
1 5 1 9 . 8 
313 .15 
1537 .8 
0 . 1 1 7 
0 . 2 2 9 
0 . 3 3 7 
0 . 4 4 2 
0 . 5 4 3 
1 5 0 4 . 2 
( 1 4 9 7 . 2 ) 
(1494.9)"^ 
1493 .2 
( 1 4 9 7 . 0 ) 
(1493.0)"*" 
1487 .5 
( 1 4 9 6 . 8 ) 
(1491.7)"^ 
1482 .8 
( 1 4 9 6 . 5 ) 
( 1 4 9 0 . 9 ) 
1482 .0 
( 1 4 9 6 . 3 ) 
( 1 4 9 0 . 7 ) "*• 
1 5 1 7 . 3 
( 1 5 0 8 . 3 ] 
( 1 5 0 5 . 9 ] 
l l j l O . l 
( 1 5 0 3 . 1 
(1504 .0 ] 
1504 .2 
( 1 5 0 8 . 4 ] 
( 1 5 0 2 . 8 
1498 .2 
( 1 5 0 7 . 7 ] 
( 1 5 0 2 . 1 
1 4 9 5 . 5 
( 1 5 0 7 . 5 
( 1 5 0 1 . 8 
1 5 2 7 . 5 
( 1 5 1 9 . 2 ) 
)••• (1516.7)"^ 
1521 .4 
) ( 1 5 1 8 . 6 ) 
!"*• (1514.8)"*" 
1516 .5 
I ( 1 5 1 8 . 9 ) 
)"•" (1512.7)" '" 
1 5 1 2 . 1 
) ( 1 5 1 7 . 5 ) 
)^ (1511.6)"*" 
1509 .0 
) ( 1 5 1 7 . 0 ) 
)••• (1511.0)"*" 
1 5 4 4 , 2 
( 1 5 3 6 . 3 ) 
(1533.4) '* ' 
1 5 3 8 . 2 
( 1 5 3 4 . 9 ) 
(1530.0)"^ 
1 5 3 1 . 1 
( 1 5 3 3 . 6 ) 
(1527.2)"*" 
1529 .5 
( 1 5 3 1 . 9 ) 
(1525.1)'*" 
1524 .2 
( 1 5 X . 4 ) 
( 1 5 2 3 . 6 ) + 
Contd..../P 
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1484.1 1495.0 1507.5 1525.0 
0.640 (1495.9) (1507.3) (1516.4) (1529.0) 
(1490.7)"^ (1502.1)"*" (1510.8)"^ (1522.a)"*" 
1485.8 1496.3 1508.4 1523.1 
0 .735 (1495.8) (1507.1) (1515.8) (1527.5) 
(1491.4)"^ (1502 .7 )^ (1511.1)"^ (1522.1)"^ 
1492.4 1499.1 1512.2 1526.1 
0.826 (1495.6) (1506.9) (1515.2) (1526.0) 
(1492.3)"*" (1503.6)"^ (1511.8)"^ (1522.1)"*' 
1498.4 1507.0 1517.1 1528.2 
0 .914 (1495.3) (1506.7) (1514.7) (1524.5) 
(1493.6)"*" (1504.9)"*" (1512.7)"*" (1522.4)"*" 
1.000 1495.1 1506.5 1514.1 1523.1 
Contd P / 
Table 1.2(a) Contd 
System : [x glycine + (l~x) leucine] 
32 : 
0.000 1496.5 1507.9 1517.4 1524.5 
0 . 1 6 3 
0 . 3 0 4 
0 . 4 2 8 
0 . 5 3 8 
0 . 6 3 6 
0 . 7 2 4 
0 . 8 0 3 
1 4 9 0 . 1 
( 1 4 9 7 . 1 ) 
(1484.2)"*" 
1489 .8 
( 1 4 9 6 . 2 ) 
(1447.8)"*' 
1495 .5 
( 1 4 9 6 . 0 ) 
(1440.5)"^ 
1489 .1 
( 1 4 9 5 . 9 ) 
(1439.5)'*" 
1486 .6 
( 1 4 9 5 . 8 ) 
(1443.1)"^ 
1 4 8 6 . 5 
( 1 4 9 5 . 7 ) 
(1449.8) '* ' 
1 4 9 6 . 5 
( 1 4 9 5 . 5 ) 
(1458.9)"*" 
1501 ,9 
( 1 5 0 7 . 0 ) 
(1457.6)"*" 
1 5 0 2 . 4 
( 1 5 0 7 . 6 ) 
(1458.8)"^ 
1 5 0 9 . 5 
( 1 5 0 7 . 5 ) 
(1451.5)"^ 
1502 .2 
( 1 5 0 7 . 3 ) 
(1450.5)"*" 
1 4 9 9 . 8 
( 1 5 0 7 . 2 ) 
(14^4.1)"*" 
1 5 0 1 . 1 
( 1 5 0 7 . 1 ) 
(1460.9)"*" 
1 5 1 2 . 5 
( 1 5 0 6 . 9 ) 
(1470 .0)" ' ' 
1 5 1 1 . 1 
( 1 5 1 3 . 4 ) 
(1470.1)"*" 
1 5 1 4 . 5 
( 1 5 1 6 . 7 ) 
( 1 4 6 7 . 2 ) "*• 
1519 .8 
( 1 5 1 6 . 4 ) 
(1459.6)"^ 
1 5 1 3 . 1 
( 1 5 1 6 . 1 ) 
(1458.4)"*" 
1 5 1 2 . 1 
( 1 5 1 5 . 7 ) 
(1461.9)"*" 
1 5 1 3 . 5 
( 1 5 1 5 . 4 ) 
( 1 4 6 8 . 6 ) "*• 
1 5 2 3 . 1 
( 1 5 1 5 . 1 ) 
(1477.7)'*" 
1516.9 
( 1 5 2 1 . 2 ) 
(1479.3)"*" 
1520 .2 
( 1 5 2 4 . 2 ) 
(1474.9)"*" 
1527 .1 
( 1 5 2 4 . 1 ) 
( 1 4 6 7 . 5 ) "*" 
1521 .6 
( 1 5 2 3 . 9 ) 
(1466.5)"^ 
1517 .4 
( 1 5 2 3 . 8 ) 
(1470.1)"*" 
1519 .5 
( 1 5 2 3 . 7 ) 
(1477.0)"*" 
1532 .2 
( 1 5 2 3 . 5 ) 
( 1 4 8 6 . 2 ) "*• 
C o n t d . . . / P 
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1492,1 1504.4 1512.9 1524.9 
0.875 (1495.4) (1506.8) (1514.1) (1523.4) 
(1469.S)"*" (1481.0)"^ (1488.6)"^ (1497.3)'^ 
1493.0 1505.1 1513.3 1526.2 
0.940 (1495.2) (1506.6) (1514.4) (1523.2) 
(1481,9)'^ (1493.2)"^ (1500.8)"^ (1509.6)"*" 
1.000 1495.1 1506.5 1514.1 1527.1 
Contd P/ 
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Table 1.2(a) Contd, 
System : [x g lyc ine + (1-x) th reon ine ] 
0.000 1494.1 1504.3 1511.5 1524.8 
0 . 1 5 0 
0 . 2 8 4 
0 . 4 0 5 
0 . 5 1 4 
0 . 6 1 3 
0 . 7 0 4 
0 . 7 8 7 
1486 .9 
( 1 4 9 4 . 2 ) 
(1474.l)"*" 
1485 .0 
( 1 4 9 4 . 3 ) 
( 1 4 6 2 . 6 ) •*• 
1 4 8 4 . 1 
( 1 4 9 4 . 4 ) 
(1457.0)'*" 
1483 .0 
( 1 4 9 4 . 5 ) 
+ 
( 1 4 5 5 . 8 ) 
1 4 8 4 . 1 
( 1 4 9 4 . 6 ) 
(1457.8)"^ 
1487 .0 
( 1 4 9 4 . 7 ) 
(1462.2) '* ' 
1488 .5 
( 1 4 9 4 . 8 ) 
(1468.5)" '" 
1500 .4 
( 1 5 0 4 . 5 ) 
( 1 4 8 4 . 4 ) 
1 4 9 7 . 5 
( 1 5 0 4 . 7 ) 
( 1 4 7 3 . 0 ) 
1498 .8 
( 1 5 0 5 . 0 ) 
( 1 4 6 7 . 6 ) 
1499 .0 
( 1 5 0 5 . 2 ) 
( 1 4 6 6 . 5 ) 
1 5 0 0 . 2 
( 1 5 0 5 . 6 ) 
( 1 4 6 8 . 6 ) 
1502 .9 
( 1 5 0 5 . 6 ) 
( 1 4 7 3 . 1 ) 
1 5 0 4 . 1 
( 1 5 0 5 . 8 ) 








1 5 0 8 . 1 
( 1 5 1 1 . 8 ) 
( 1 4 9 1 . 6 ) 
1 5 0 6 . 8 
( 1 5 1 2 . 0 ) 
( 1 4 8 0 . 2 ) 
1507 .0 
( 1 5 1 2 . 3 ) 
( 1 4 7 4 . 8 ) 
1 5 0 7 . 5 
( 1 5 1 2 . 5 ) 
( 1 4 7 3 . 7 ) 
1508 .0 
( 1 5 1 3 . 1 ) 
( 1 4 7 5 . 9 ) 
1 5 0 8 . 5 
( 1 5 1 3 . 1 ) 
( 1 4 8 0 . 5 ) 
1509 .1 
( 1 5 1 3 . 4 ) 








1 5 1 8 . 1 
( 1 5 2 4 . 7 ) 
(1503.8) '* ' 
1 5 1 7 . 3 
( 1 5 2 4 . 5 ) 
(1491.6)"*" 
1517 .1 
( 1 5 2 4 . 3 ) 
(1485.6)"*" 
1 5 1 8 . 1 
( 1 5 2 4 . 2 ) 
(1484.1)'*" 
1518.5 
( 1 5 2 3 . 8 ) 
( 1 4 8 5 . 8 ) "*• 
1519 .5 
( 1 5 2 3 . 8 ) 
( 1 4 9 0 . 2 ) •*" 
1521 .5 




1493.0 1505.5 1512.0 1524.2 
0.864 (1494.9) (1506.1) (1513.6) (1523.5) 
(1476.3)"^ (1487.5)"^ (1494.9)"^ (1504.2)"^ 
1497.1 1508.1 1512.5 1525.1 
0.935 (1495.0) (1506.3) (1513.8) (1523.3) 
(1485.S)"*" (1496.6)"*" (1504.l)"*" (1513.2)"*" 
1.000 1495.1 1506.5 1514.1 1523.1 
Values of u eva lua ted by Nomoto's equa t ion are given in 
p a r e n t h e s i s and those eva lua ted by Van Dael equa t ion are 
given in p a r e n t h e s i s marked with + . ^ . , ^ / 
Contd P/ 
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Table 1.2(b): Experimental and Theoretical u l t rasonic 
v e l o c i t i e s , u(m/s) as functions of mole 
f ract ion and temperature, 
system : [x prop-2-en-l-ol + (1-x) ethyl benzene] 
Mole f ract ion of /r( v\ 
prop-2-en-l-ol(x)/^^'^^ 298.15 308.15 
































l"^  (1192.7)'*' 
1222.0 
) (1229.4) 
l"^  (1211.0)"*" 
C o n t d . . . . /p 
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1253.0 1215.0 
0.7705 (1287.0) (1239.9) 
(1258.2)'^ (1225.0)'*' 
1242.0 1209.0 
0.8753 (1302.8) (1254.6) 
(1279.4)"^ (1245.1)'*' 
1235.0 1206.0 
0.9437 (1310.4) (1276.7) 
(1296.2)''' (1261.0)"*" 
1.0000 1228.0 1203.0 
Contd . . .P / 
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Table 1.2(b) Contd 
System : [x p r o p - 2 - e n - l - o l + (1 -x) i sopropyl benzene] 
0.0000 1304.0 1264.0 
0 . 0 5 5 1 
0 . 1 2 0 4 
0 . 2 0 5 1 
0 . 2 9 7 6 
0 . 4 4 3 5 
0 . 5 3 2 3 
1300 .0 
( 1 2 2 8 . 1 ) 
(1218.1)"^ 
1294 .0 
( 1 2 2 9 . 4 ) 
( 1 2 0 8 . 8 ) ' ^ 
1287 .0 
( 1 2 3 2 . 1 ) 
(1200.1)"*" 
1278 .0 
( 1 2 3 5 . 7 ) 
( 1 1 9 4 . 7 ) •*• 
1265 .0 
( 1 2 4 3 . 4 ) 
(1194.8)"^ 
1258 .0 
( 1 2 4 9 . 5 ) 
(1200.0) '* ' 
1 2 6 0 . 0 
( 1 2 0 2 . 8 ) 
(1192.1)"^ 
1 2 5 4 . 0 
( 1 2 0 2 . 9 ) 
(1180.9)"*' 
1247 .0 
( 1 2 0 5 . 1 ) 
(1171.6) '* ' 
1 2 4 0 . 0 
( 1 2 0 7 . 5 ) 
(1164.g)"*" 
1 2 3 0 . 0 
( 1 2 1 2 . 8 ) 
(1163 .2)"^ 
1 2 2 5 . 0 
( 1 2 1 7 . 2 ) 
(1167.2)"*" 
C o n t d . . . / P 
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0 . 6 4 3 7 
0 . 7 3 6 0 
0 . 8 2 8 9 
0 . 8 9 7 3 
0 . 9 4 7 9 
1249 .0 
( 1 2 6 0 . 5 ) 
(1212.3)"^ 
1242 .0 
( 1 2 7 2 . 3 ) 
( 1 2 2 7 . 7 ) "*• 
1236 .0 
( 1 2 8 6 . 3 ) 
( 1 2 4 8 . 5 ) ' ^ 
1232 .0 
( 1 2 9 6 . 1 ) 
(1267.8)"^ 
1230 .0 
( 1 3 0 1 , 7 ) 
( 1 2 8 4 . 5 ) •*• 
1 2 1 8 . 0 
( 1 2 2 6 . 8 ) 
(1178.0)"^ 
1213 .0 
( 1 2 3 7 . 2 ) 
(1192.l)"*" 
1 2 0 9 . 0 
( 1 2 5 0 . 0 ) 
(1211.5)"^ 
1 2 0 6 . 4 
( 1 2 5 9 . 2 ) 
(1229 .7)"^ 
1204 .0 
( 1 2 6 3 . 1 ) 
(1245.4)"^ 
1.0000 1228.0 1203.0 
Values of u evaluated by Nomoto's equation are given 
in parenthesis and those evaluated by Van Dael are given 
in parenthesis marked with +. 
: 4C 
0.0 01 0.2 
0 7 0.8 
0 3 04 u= 





X , mole f r a c t i o n of glycine 
Fia 1 Kb) P lo ts Of u vs mole f ract ion of glycine of 
F ig . l . U t ) ; [x glycine + (1-x) leucine] system at 










1 5 2 0 -
1510K 
° 1 5 0 0 -
U 9 0 -
1 4 8 0 -
X ; mole "frQction o+ glycin* 
Fig . 1.1(c) P lo ts of u vs mole fract ion of glycine of 
[x glycine + (1-x) threonine] system at 
d i f ferent temperatures. 
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 















0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
X , mole "fraction of 
prop-2-en-1 - o l 
Fig . 1.1 (d) P lo ts of u vs mole fract ion of prop-2-en- l -ol 
of (a .b) [x prop-2-en- l -o l + ( l -x ) e thyl 
benzene] . and (c,d) [x prop-2-en- l -ol + 
( l -x) isopropyl benzene] systems. 
: 44 : 
hence p values are somewhat l a rge . Similar ly , the i n t e r -
molecular in terac t ions also occur in the case of [x glycine 
+ ( l -x ) leucine] system. In the cas^ of [x glycine + (1-x) 
threonine] system, glycine and threonine both are polar in 
nature and show higher degree of i n t e r ac t ion . The values of 
P also vary with var ia t ions in the composition of mixtures.F°a^«->tit;. 
The values of p for [x prop-2-en-l-ol + ( l -x ) ethyl benzene] 
and [x prop-2-en-l-ol + ( l -x ) isopropyl benzene] systems increase 
with increase in temperature. Such an increase in the values 
of p with temperature i s a d i r ec t consequence of decrease in 
the densi ty of the system. As density decreases, the i n t e r -
molecular spacing or gap increases and the systems become more 
compressible. The values of p also vary with the change in 
composition. F ig . 1 .2(d) . 
E 
The excess adiabat ic ompress ib i l i t i e s , p , of aqueous 
solut ions of [x glycine + ( l -x) a l an ine ] , [x glycine + ( l -x) 
leucine] and [x glycine + ( l -x ) threonine] ; l iqu id mixtures: 
[x prop-2-en- l -ol + ( l -x ) ethyl benzene ] and [x prop-2-en-l-ol 
+ ( l -x ) isopropyl benzene] systems are l i s t e d in Table 1.4. 
c 
The negative values of p suggest the presence of strong mole-
cular interactions between the components of mixtures. The 
E 
values of p also shows variation with composition though irregular. 
: 45 : 
11 2 -1 
Table 1.3(a) Adiabatic compressibi l i ty (6 x 10 , cm dyne ) 
of [x glycine + (1-x) alanine ] system as functions 
of mole f ract ion and temperature. 
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Table 1.3(b): Adiabatic compressibility (p x 10 , cm dyne ) 
of [x glycine + {l-\x) leucine] system as functions 
of mole fraction and temperature. 































































Table 1.3(c): Adiabatic compressibi l i ty (6^ x 10 , cm 
—I dyne" ) of [x glycine^ + (1-x) threonine] 
system as functions of mole f rac t ion and 
temperature. 
Mole f rac t ion 
of glycine(x)/'^^'^) ^ ^ ' ^ ^ ^ ^ - ^ ^ ^ ^ ' ^ ^ ^^^'^^ 
O.OCX) 
0 . 1 5 0 
0 . 2 8 4 
0 . 4 0 5 
0 . 5 1 4 
0 . 6 1 3 
0 . 7 0 4 
0 . 7 8 7 
0 . 8 6 4 
0 . 9 3 5 
1.000 
4 . 4 7 7 
4 . 5 4 6 
4 . 5 3 7 
4 . 5 4 3 
4 . 5 5 0 
4 , 5 4 4 
4 . 5 2 6 
4 . 5 1 6 
4 . 4 8 9 
4 . 4 9 2 
4 . 4 8 4 
4 .417 
4 . 4 7 2 
4 .470 
4 . 4 6 2 
4 . 4 6 1 
4 . 4 5 4 
4 . 4 3 8 
4 . 4 X 
4 . 4 2 3 
4 . 4 0 5 
4 . 4 X 
4 . 3 8 1 
4 . 4 3 3 
4 . 4 2 2 
4 . 4 2 1 
4 . 4 1 8 
4 . 4 1 6 
4 . 4 1 2 
4 . 4 0 8 
4 . 3 9 2 
4 . 3 8 7 
4 . 3 9 5 
4 . 3 3 6 
4 . 3 8 2 
4 . 3 6 9 
4 . 3 7 0 
4 . 3 6 4 
4 . 3 6 2 
4 . 3 5 6 
4 . 3 4 4 
4 . 3 2 9 
4 . 3 2 3 
4 . 3 2 6 
: 48 : 
Table 1.3(d): 11 2 Adiabatic compressibil i ty (B x 10 , cm 
dyne ) of [x prop-2-en- l -ol + ( l -x ) ethyl 
benzene] system as functions of mole f rac t ion 
and temperature. 
Mole f rac t ion of /riv\ 
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11 2 
Table 1.3(e): Adiabatic compressibi l i ty (p x 10 , cm 
—1 ^ 
dyne ) of [x prop-2-en- l -ol + ( l -x ) 
isopropyl benzene] system as functions of 
mole f ract ion and temperature. 
Mole f rac t ion of 




























































0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
X J mole f r a c t i o n of glycine 
Fig . 1.2(a) Plo ts of p vs mole fract ion of 
glycine of [x glycine + ( l -x ) alanine] 


























T ( K ) 
^>- 298.15 
- • - 303.15 
— X - 308.15 
- A - 313.15 
0.0 0.1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1.0 
X , m o l e f r a c t i o n o f glycine 
Fig . 1.2(b) Plo ts of S vs mole fract ion of 
s glycine of [x glycine + (1-x) 














T ( K ) 
- C ^ 298.15 
—X— 303.15 
--%- 308.15 
- i - 313.15 
I I I I I I 1 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
Xjonole -fraction of glycine 
Fig . 1.2(c) Plo ts of 8 vs mole fraction of 
glycine of [x glycine + (1-x) 








0.0 0.1 0,2 0.3 0.4 0.5 0.5 0.7 0.8 0.9 1.0 
DC, mole fraction of 
prop-2 - en- 1 - ol 
F i g . 1.2(d) P lo t s of p^ vs mole f ract ion of prop-2-en- l -ol 
of (a ,b) [x prop-2-en- l -ol + ( l -x) e thyl benzene] 





Excess adiabatic compressibility (p x 10 , 
2 —1 
cm dyne ) of [x glycine + (l-x) alanine] 
system as functions of mole fraction and 
temperature. 
Mole f rac t ion of 1^., ^\ 
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Table 1.4(b) 
E 12 2 
Excess adiabat iccompressibi l i ty (p x 10 , cm 
-1 ^ 
dyne ) of [x glycine + (1-x) leucine] system 
as functions of mole f ract ion and temperature. 
Mole f rac t ion 
















































Table 1.4(c): Excess adiabatic compressibi l i ty (p x 10 , 
2 - 1 ^ 
cm dyne ) of [x glycine + (1-x) threonine] 
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Table 1.4(d): 
H 12 
Excess adiabatic compressibility (p^ x 10 , 
2 — 1 
cm dyne" ) of [x prop-2-en-l-ol + (1-x) 
ethyl benzene] system as functions of mole 
f ract ion and temperature. 
Mole f rac t ion of /-rf v-\ 




























Excess adiabatic compressibility (p x 10 , 
2 —1 ^ 
cm dyne ) of [x prop-2-en-l-ol + ( l -x ) 
isopropyl benzene] system as functions of 
mole fract ion and temperature. 
Mole f rac t ion of 






















































l l J 
X 
m 
0.0 0.1 0.2 0.3 0.^ 0.5 0.6 0.7 0.8 0.9 1.0 




0.0 0.1 0.2 0.3 0.4 0.5 0,6 0.7 0.8 0.9 1.0 
X 7 mole f ractionof 
prop-2-en-1-ol \ 
F ig . 1.3 P lo ts of p vs mole f ract ion of prop-2-en- l -ol 
of (a ,b) [x prop-2-en-l-ol + (1-x) e thyl benzene 
and (c ,d) [x prop-2-en- l -ol + ( l -x ) isopropyl 
benzene] systems. 
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The roolar u l t rasonic v e l o c i t i e s , R, of aqueous solut ions 
of [x glycine + (1-x) a l an ine ] , [x glycine + ( l -x) leucine] and 
[x glycine! + ( l -x) threonine] ; l iquid mixtures: [x prop-2-en- l -
ol + ( l - x ) ethyl benzene] and [x prop-2-en- l -ol + ( l -x) isopropyl 
benzene] are l i s t e d in Table 1.5. The values of R found to 
decrease with increase of the mole f r ac t ion , x, and increase with 
increase in temperature. (Fig . 1.4 ( a , b ) . 
The specific acoustic impedence, Z, and the V^ ada* s constant, 
B, of the said systems are l i s t e d in Table 1.6 and 1.7. The 
values of Z, in the cases of [x glycine + ( l -x ) a l an ine ] , [x glycine 
+ ( l -x ) leucine] and [x glycine + ( l -x) threonine] systems, increase 
with increase in temperature while in those of the systems [x prop-
2-en- l -o l + ( l -x ) ethyl benzene] and [x prop-2-en-l-ol + ( l -x ) 
isopropyl benzene] these values decrease with increase in tempe-
Fig. 1.5 
r a t u r e . / The increase in the value of Z in the cases of aqueous 
solut ions of amino acids may be a t t r ibu ted to an apparent reduc-
t ion in the repulsive forces (d issocia t ion) with increase in tempe-
ra ture v;hile the decrease for the l iquid mixtures, the corresponding 
decrease in the density of the mixture with temperature seems to be 
responsible for the behaviour. The values of Z are also found 
to be affected by the changes in composition but the trend is 
i r r egu la r in the cases of aqueous solut ions of amino ac ids . 
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Table 1.5(a): Molar u l t rasonic ve loc i ty , R of [x glycine + 
(1-x) alanine] system as functions of mole 
fract ion and temperature. 
Mole fraction/T/irx onp ic, 

























































Table 1.5(l:>): Molar u l t rasonic ve loc i ty , R of [x glycine + 
(1-x) leucine] system as functions of mole frac-
t ion and temperature. 
Mole f ract ion 
Of glycine(x)/^^'^^ 298.15 X3.15 308.15 313.15 
0.000 
0.163 






















































Table 1.5(c): Molar ul t rasonic ve loc i ty , R of [x glycine + 
(1-x) threonine] system as functions of mole 
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Table 1 .5 (d ) : Molar u l t r a s o n i c v e l o c i t y , R of [x p rop -2 -en -
l - o l + (1 -x) e thy l benzene] system as func t ions 
of mole f r a c t i o n and t empera tu re . 
Mole f r a c t i o n of /yft^s 
































Table 1.5(e) : Molar u l t rasonic ve loc i ty , R of [ x prop-2-en" 
l - o l + (1-x) isopropyl benzene] system as 
functions of mole f rac t ion and temperature. 
Mole f ract ion of /•T(ir\ 









































0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
















5 3 0 0 -
5100-
4900-
4 7 0 0 -
4 5 0 0 -










0.0 0,1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
X;mole fraction of glycine 
Fig . 1.4(a) Plots of R vs mole f ract ion of glycine 
of (a) [x glycine + ( l - x ) a l an ine ] , 
b) |_x glycine + M-x) leucine] and 
+ ( l -x ) threonine] c) [x glycine 
systems at 298.15 K. 
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0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
X , mole fraction of 
prop- 2 - e n - l -o l 
Fig. 1.4(b) Plots of R vs mole fraction of 
prop-2-en- l -ol of (a) [x prop-2-en- l -ol 
+ ( l -x) ethyl benzene] and (b) [x prop-
2-en- l -o l + ( l - x ) isopropyl benzene] 
systems at 298.15 K. 
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Table 1.6(a): Specific acoustic impedence (Z x 10 , gm cm 
s ) of [x glycine + (1-x) alanine] system as 
functions of mole fraction and temperature. 
Mole f rac t ion /J/j , \ 
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Table 1 . 6 ( b ) : 
- 5 - 2 - 1 
Spec i f i c acous t i c impedence (Z x 10 , gm cm s ) 
of [x g lyc ine + ( l - x ) l e u c i n e ] system as func t ions 
of mole f r a c t i o n and t empera tu re . 
Mole fraction/r/fc'N 
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-b -2 -1 
Table 1.6(c) : Specific acoustic impedence (Z x 10 , gm cm s ) 
of [x glycine + (1-x) threonine] system as function; 
of mole f ract ion and temperature. 
Mole f ract ion/_/ j , \ 
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Table 1 . 6 ( d ) : 
- 5 -2 - 1 
Spec i f i c acous t ic impedence (Z x 10 , gm cm s ) 
of [x p r o p - 2 - e n - l - o l + (1-x) e t h y l benzene] system 
as func t ions of mole f r a c t i o n and t empera tu re . 
Mole f r a c t i o n of /Tf^^\ 

































-5 -2 -1 
Specific acoustic impedence (Z x 10 , gm cm s ) 
of [x prop-2-en-l-ol + (1-x) isopropyl benzene] 
system as functions of mole fraction and temperature 
Mole fraction of 









































0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 





















T ( k ) 
• 298.15 
0 308.15 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
X , mole fraction of 
p r o p - 2 - e n - 1 - ol 
Fig. 1.5 Plots of Z vs mole fraction of prop-2-en-l-ol 
of (a,b} [x prop-2-en-l-ol + (l-x) ethyl 
benzene] and (c,d) [x prop-2-en-l-ol + (1-x) 
isopropyl benzene] systems. 
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The values of Wada' s constant are found to increase 
insignificantly with increase in temperature. These values 
of B are also found to vary with composition. Fig. 1.6(a,b). 
75 
-3 
Table 1.7(a): Wada's constant (B x 10 ) of [x glycine + (1-x) 
alanine] system as functions of mole f rac t ion 
and temperature. 
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Table 1.7(b): 
-3 
Wada's constant (B x 10 ) of [x glycine + (1-x) 
leucine] system as functions of mole f rac t ion 
and temperature. 
Mole fraction/^./^N 



























































Wada* s cons t an t (B x 10 ) of [x g lyc ine + ( l - x ) 
th reon ine] system as f u n c t i o n s of mole f r a c t i o n 
and tempera ture . 
Mole f rac t ion/^ . / , , \ 



























































Table 1.7(d): Wada's constant (B x 10 ) of [x prop~2-en-l-ol 
+ (1-x) ethyl benzene] system as functions of 
mole fraction and temperature. 
Mole fraction of 
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Table 1.7(e): Wada's constant (B x 10 ) of [x prop-2-en--l-ol 
+ (1-x) isopropyl benzene] system as functions 
of mole fract ion and temperature. 
Mole f rac t ion of 
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0 0 01 02 03 0 4 05 06 07 08 09 10 
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0 7 0.8 0 9 1.0 
X ,nnole fract ion of glycine 
Fig . 1.6 (a) P lo t s of B vs mole f ract ion of glycine 
of (a) [x glycine + ( l -x ) a l an ine ] , 
(b) .X glycine + ( l - x ) leucine] and 
(c) [x glycine + ( l -x ) threonine] systems 

















0.0 0 1 0.2 0 3 
X J mole f rac t i on of 
p r o p - 2 - e n - 1 - o l 
Fig. 1.6 (b) P lo ts of B vs mole f rac t ion of 
prop-2-en- l -ol of (a) [x prop-
2-en-l-ol + (1-x) ethyl benzene] 
and (b) [x prop-2-en- l -ol + (1-x) 
isopropyl benzene] systems at 
298.15 K. 
CHAPTER-II 
ISOTHERMAL COMPRESSIBILITY AND INTERNAL PRESSURE OF MIX-
TURES OF AMINO ACIDS IN AQUEOUS MEDIUM AND LIQUID MIXTURES. 
: 82 : 
Introduct ion: 
The values of u l t rasonic veloci ty and evaluation of thenno-
dynamlc proper t ies help in understanding the nature of in t e r s 
molecular in te rac t ions in l i q u i d s . Out of these proper t ies i the 
in te rna l pressure is one which is considered to be an important 
parameter in the theory of l iquid s t a t e . Pioneer attempts have 
been made by Barton (76,77) , Cagle (127), Rosseinsby (128) 
Berkowitz e j a l . (79) , Hildebrand e t ^ . (179), Liberman (130) 
and Suryanarayana (131) to show i t s significance as one of the 
fundamental proper t ies of l iquid s ta te and i t s cor re la t ion with 
other p r o p e r t i e s . Dunlop e_t ^ . (82) determined the in te rna l 
pressure as a fundamental property of l iqu id s t a te and compared 
I t with the i r cohesive energy density va lues . Similar ly , the 
in t e rna l pressure data was used by Stavely ej^ a l . (83) to predic t 
the in te rac t ion in l iqu id mixtures by comparing the values of 
individual l iquid components«Buecher e t a l . (86) proposed a 
r e l a t i o n for obtaining the values of in te rna l pressure in the 
case of molten s a l t s and l iquid metals . Pandey e^ j l . (85) 
extended the studies of binary l iquid mixtures and showed that 
the excess in ternal pressure , l ike other excess thermodynamic 
parameters, var ies with change in composition and temperature 
of the systems under study. 
: 83 : 
The Pseudo-Gruneisen Parameter, T* , i s another useful 
parameter in the study of thermodynamics of any system as ]"* 
charac te r i ses the l a t t i c e behaviour of l iquids* Several 
workers (91-95) have attempted to evaluate the value of T* in 
the case of sol ids as well as l iquids* 
The so lub i l i t y parameter, g , i s employed to assess the 
nature of in terac t ion and to se lec t the proper compounding 
ingredients (88) as well as solvent^? for polymetic substances 
(89-^1) and p a i n t s . 
A number of f luid equations of s t a t e for the hard-spheres 
have been proposed by several workers (44-54) . Some of the 
hard sphere equations of s t a t e have been used to obtain a number 
of thermodynamic proper t ies of l i q u i d s . Mayer (56) applied the 
equation of Libowitz e_t _^ . to the study of molecular parameter 
r e l a t i onsh ip between the surface tension and the coiqpressibility* 
Rao _£t a l . (57) used the equation of Libowitz e t _3l. for the 
evaluat ion of the acoust ical proper t ies of l iqu ids and also for 
the computation of molecular diameters. Chaturvedi e_t j ^ . (58) 
applied the equations of Carnahan and S ta r l ing (59) and Thiele 
(49) to obtain the isothermal compressibi l i ty and re l a t ed pro-
p e r t i e s of several l i qu ids a t room temperature. I t appears from 
the l i t e r a t u r e , tha t none has u t i l i z e d these r e l a t i ons for the 
: 84 : 
mixtures of amino ac ids . 
In the present inves t iga t ion , an attempt has been made to 
ca lcu la te the in ternal pressure , p^, the isothermal compressibi-
l i t y , ^j, the the Pseudo-Gruneisen Parameter, J"' , using the 
u l t rasonic veloci ty data of aqueous solut ions of amino acids and 
l iqu id mixtures. 
Theoretical; 
The following r e l a t i o n s , based on the hard-sphere model 
of s t a t e , have been employed for the theore t ica l evaluat ion of 
isothermal compressibi l i ty: 
2 
PV 1 + y + y 
= ^ 
NkT ( 1 - y )^ 
2 
PV 1 + 2y + 3y 
NkT (1 - y )^ 
(2 .1 ) 
\ 
(2 .2 ) 
2 3 
P V l + y + y - y ^ ^ 
X ( 2 . 3 ) 







- - 1 _ , 
2 
1 
(1 - y)^ 
1 
(1 - y)^ 
2 
1 + y / 8 





PV 2 3 4 5 
> l+4y+10y +18.36y +28.2y +39.5y +... (2.7) 
NkT 
where P,V,T,N and k are the pressure , volume, absolute 
temperature, Avogadro's number and Boltzmann's cons tant . 
y i s the packing fract ion which i s expressed as , 
3 ^ 
« a N 
y - ( 2 .8 ) 
6 V 
where, a i s the hard-sphere diameter of the molecules comp-
r i s ing the pure l i q u i d s . 
The hard-sphere diameter, a, is calculated using the 
r e l a t i o n (132), 
: 86 : 
5/2 V <r ^/^ 
a - VK (—) (2.9) 
7.21 X 10-^^ Tc 
where <r, T and V are the surface tension, the c r i t i c a l 
temperature and the molar volume, r e spec t ive ly . C r i t i c a l tempe-
r a t u r e , Tc is calculated (133) by using the following r e l a t i on : 
T 3/10 
Vo '= V^ (1 - Y - ) (2.10) 
where V and V^ are the molar volumes at the zero degree 
absolute and the absolute temperature, T, r espec t ive ly . 
Xhe values of <r are obtained from the experimental 
u l t r a son ic veloci ty by employing the Auerbach r e l a t ion (134), 
or 2/3 
6.31 X 10 / 
The isothermal compress ib i l i t i e s , p^ , corresponding to 
equations (2.1) to (2.7) are calculated from the following 
r e l a t i o n s : 
4 
V (1-y) 
U « — . (2.11) 
^ RT (l+2y)'^ 
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and 
3 
V (1 - y) 
P T » •— . 2 5 (2 .12) 















(1 - y) 
2 3 4 l+4y+4y''-4y^+y 
5 
(1 - y) 
1 + 3y 
3 
(1 - y) 
1 + y 
3 
8 (1 - y) 





V 2 3 4 5 - 1 
PT » — [H-8y+30y +73.44y +141 .Oy +237.Oy ] . 
^ RT 
(2 .17) 
The i n t e r n a l p ressu re can be obta ined from the r e l a t i o n (109) , 
Pj^ V (1 - f ) « R T (2.18) 
: 88 : 
where P i , V, a, b and T stand for the in ternal pressure , the 
volume, the molecular diameter, the shor tes t distance between the 
neares t neighbours, the gas constant and the absolute temperature, 
r e spec t ive ly . The volume per moleculer, v, (v = V/^, where N 
i s the Avogadro's Number) i s re la ted to b, the distance between 
the nea res t neighbours as follows: 
3 
which can be rearranged to express b, as follows: 
1/6 1/3 
2 V 
On subs t i tu t ing the value of b from equation (2.20) into 
t ha t of (2.18),one ge t s . 
2^/*^ RT 
i = (,1/6 , . 3 , 1 / ^ ^2/5) (2.21) 
The molecular diameter* a, is obtained by using equation (2 .9 ) . 
The Pseudo-Gruneisen parameter, "P*, is calculated using 
the expression. 
89 r. 
Y - 1 
r « (2.22) 
Ta 
where y and a stand for the specific heat r a t i o and the 
thermal expansion coef f ic ien t , r e spec t ive ly . 
The specific heat r a t i o , y, may be calculated by using 
the r e l a t i o n , 
p^ = pg Y (2.23) 
where p stands for the adiabatic compressibility. The 
9 
thermal expansion coefficient, a, is obtained using the density 
data as follows (83): 
1 dp 
P dT 
where, P stands for the density of the so lu t ion . 
The so lub i l i t y parameter, g is defined as the square-root 
of the cohesive energy density (of in te rna l p ressure ) , and i s 
given by the r e l a t ion (135), 
at 1/2 
S • (—) • 1 (2.24) 
h 
: 90 : 
Results and Discussion: 
The isothermal compressibilities, p~, of binary solutions 
of [x glycine + (l-x) alanine], [x glycine + (1-x) leucine], 
[x glycine + (l-x) threonine] in aqueous medium and the liquid 
mixtures of [x prop-2-en-l-ol + (l-x)ethyl benzene] and [x prop-
2-en-l-ol + (l-x) isopropyl benzene] are computed using equations 
(2.11) to (2.17) based on the various hard (Rigid) sphere models. 
An txamination of Table 2*1 shows that the values of Pj decrease 
with increase in temperature. Such a decrease in the values of 
P^ with temperature may be attributed to the reduction in the 
magnitude of repulsion (corresponding to dissociation) between 
the components of a system. The values of p~ are also affected 
by the variation in composition of mixtures and the trend in 
their behaviour varies from system to system. The values of 
rigid (Hard) sphere diameter, a, of molecules of pure aqueous 
amino acids and liquids are computed using equation (2.9) . The 
values of a are found to increase with increase in temperature 
(Table 2.2). 
The values of internal pressure, P., of binary systems 
of aqueous amino acids and liquid mixtures are computed using 
equation (2.21) and are listed in Table 2.3. These values are 
found to increase with increase in temperature. Such a behaviour 
: 91 : 
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Table 2 .1 ( a ) : Isothermal compressibil i ty (P- x 10 , cm dyne ) 
of [x glycine + (1-x) alanine] system. 
Temperature: 298.15 K 
Mole f rac t ion /£ 2.11 2.12 2.13 2.14 2.15 2.16 2.17 
of g lyc ine(x) ' ^ 
0.000 2.881 4.707 3.309 2.164 18.087 17.072 5.754 
0.117 3.223 5 .X8 3.709 2.407 20.509 19.347 6.555 
0.229 3.183 5.237 3.662 2.379 20.217 19.073 6.458 
0.337 2.873 4.804 3.317 2.123 18.749 17.668 6.049 
0.442 3.247 5.285 3.726 2.445 20.257 19.125 6.431 
0.543 3.140 5.126 3.606 2.359 19.690 18.586 6.262 
0.640 3.134 5.102 3.596 2.360 19.557 18.464 6.210 
0.735 3.054 4.981 3.506 2.297 19.115 18.045 6.075 
0.826 2.981 4.868 3.423 2.239 18.702 17.653 5.949 
0.914 2.885 4.727 3.116 2.163 18.198 17.174 5.799 
1.000 3.251 5,365 3.743 2.425 20.755 19.347 6.641 
Contd . , .P / 
92 : 
Table 2.1( a) Con td . . . . 
Temperature: X3.15 K 
of^glycinefx"/^^^' 2.11 2.12 2.13 2.14 2.15 2.16 2.17 
0.000 2.446 4.113 2.828 1.800 16.107 15.173 5.216 
0.117 2.654 4.527 3.079 1.934 17.889 16.835 5.850 
0.229 2.617 4.461 3.035 1.908 17.616 16.580 5.757 
0.337 2.403 4.150 2.795 1.735 16.523 15.537 5.452 
0.442 2.687 4.524 3.108 1.976 17.731 16.702 5.746 
0.543 2.621 4.419 3.032 1.925 17.335 16.327 5.623 
0.640 2.630 4.417 3.040 1.937 17.282 16.280 5.591 
0.735 2.257 4.331 2.979 1.898 16.954 15.971 5.487 
0.826 2.537 4.262 2.933 1.868 16.684 15.717 5.399 
0.914 2.458 4.142 2.843 1.806 16.245 1 5 . X I 5.268 
1.000 2.689 4.593 3.120 1.958 18.159 16.281 5,942 
Contd. . . .P/ 
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Table 2 ,1 ( a ) : Con td . . . . 
Temperature: 308.15 K 
o f^g lyc ineU) / Ec|s:2.11 2.12 2.13 2.14 2.15 2.16 2.17 
0.000 2.190 3.753 2.543 1.591 14.872 13.992 4.879 
0 a i 7 2.299 4.024 2.682 1.645 16.146 15.170 5.383 
0.229 2.275 3.976 2.654 1.6X 15.939 14.976 5 . X 7 
0.337 2.126 3.752 2.485 1.512 15.129 14.207 5.078 
0.442 2.331 4.025 2.712 1.684 16.022 15.066 5.286 
0.543 2.280 3.952 2.662 1.653 15.734 14.795 5.191 
0.640 2.302 3.958 2.675 1.668 15.711 14.779 5.166 
0.735 2.270 3.900 2.637 1.645 15.476 14.558 5.087 
0.826 2.234 3.839 2.596 1.620 15.232 14.328 5.006 
0.914 2.189 3.765 2.544 1.586 14.952 14.064 4.918 
1.000 2.327 4.078 2.715 1.663 16.375 15.170 5.465 
Contd . . . .P / 
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Table 2 .1 ( a ) : Contd 
Temperature: 313.15 K 
of^glycineU)/^^®- ^*^^ ^ '^^ ^ '^^ ^-^"^ ^ '^^ ^-^^ ^-^"^ 
0.000 2.027 3.518 2.361 1.460 14.043 13.201 4.650 
0.117 2.038 3.644 2.389 1.436 14.802 13.888 5,023 
0.229 2.028 3.617 2.376 1.432 14.668 13.765 4.966 
0.337 1.943 3.482 2.279 1.367 14.162 13.286 4.815 
0.442 2.081 3.665 2.431 1.482 14.758 13.860 4,945 
0.543 2.064 3.628 2.410 1.472 14.595 13.709 4.883 
0.640 2.067 3.621 2.412 1.478 14.533 13.654 4.847 
0.735 2.059 3.597 2.402 1.476 14.418 13.548 4.799 
0.826 2.027 3.541 2.364 1.453 14.189 13.332 4.722 
0.914 2.014 3.511 2.348 1.445 14.053 13.207 4.670 
1.000 2.327 4.078 2.715 1.663 16.376 15.384 5.096 
: 95 
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Table 2 .1 (b ) : Isothermal compressibil i ty (p^ x 10 , cm dyne ) 
of [x glycine + (1-x) leucine] system. 
Temperature; 298.15 K 
of^glycinefx?/^^®' ^'^^ ^'^^ ^'^^ ^'^^ ^'^^ ^'^^ ^'^'^ 
0.000 2.881 4.707 3.309 2.164 18.087 17.072 5.754 
0.163 4.561 7.490 5.245 3.413 28.887 27.256 9.218 
0.304 4.345 7.110 4.992 3.260 27.355 25.817 8.711 
0.428 3.934 6.483 4.527 2.937 25.058 23.637 8.012 
0.538 3.831 6.274 4.403 2.873 24.147 22.788 7.693 
0.636 3.564 5.854 4.099 2.667 22.580 21.305 7.206 
0.724 3.499 5.708 4.017 2.630 21.919 20.691 6.969 
0.803 3.197 5.257 3.677 2.390 20.289 19.142 6.479 
0.875 3.156 5.154 3.624 2.371 19.801 18.690 6.299 
0.940 3.030 4.944 3.479 2.278 18.981 17.918 6.035 
1.000 4.982 8.157 5.725 3.736 31.393 29.627 10.000 
Contd. . . P / 
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Table 2 .1 (b ) : Contd . . . 
Temperature 303»15 K 
Mole f rac t ion 
0 f^glycineU?'^^^®* ^'^^ '^"^^ ^'^^ ^'^^ ^'-^^ ^'^^ ^'^"^ 
0.000 2.446 4.113 2.828 1.800 16.107 15.173 5.215 
0.163 3.610 6.188 4.192 2.622 24.526 23.074 8.048 
0.304 3.455 5.896 4.009 2.518 2 3 . X I 21.928 7.621 
0.428 3.146 5.401 3.655 2.282 21.424 20.154 7.037 
0.538 3.090 5.262 3.583 2.255 20.767 19.547 6.782 
0.636 2.902 4.949 3.366 2.116 19.546 18.396 6.389 
0.724 2.859 4.838 3.311 2.095 19.022 17.911 6.185 
0.803 2.629 4.478 3.048 1.917 17,677 16.638 5.775 
0.875 2.628 4.435 3.041 1.930 17,406 16.393 5.649 
0.940 2.550 4.290 2.948 1.876 16.804 15.829 5.443 
1.000 3.914 6.698 4.543 2.845 26.517 24.950 8.691 
Contd . . .P / 
: 97 
Table 2 .1 (b ) : Con td . . . . 
Temperature 308.15 K 
Mole fract ion/gqg. 2.11 2.12 2.13 2.14 2.15 2.16 2.17 
of glyciiie( x)' 
0.000 2.190 3.753 2.543 1.591 14,872 13.991 4.879 
0.163 2.993 5.311 3.502 2.121 21.477 20.161 7.240 
0 . X 4 2.867 5.062 3.351 2.038 20.415 19.170 6.854 
0.428 2.645 4.687 3.095 1.876 18.942 17.782 6.378 
0.538 2.613 4.587 3.051 1.866 18.435 17.317 6.160 
0.636 2.475 4.342 2.887 1.767 17.449 16.391 5,829 
0.724 2.452 4.265 2.857 1.762 17.049 16.025 5.656 
0.803 2.285 3.990 2.664 1.637 15.990 15.025 5.321 
0.875 2.307 3.983 2.684 1.667 15.853 14.908 5.229 
0.940 2.263 3.887 2.629 1.641 15.421 14.506 5.067 
1.000 3.211 5.700 3.758 2.275 23.058 21.645 7.775 
Contd. .P/ 
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Table 2 .1 (b ) : Contd 
Temperature 313.15 K 
of^glycineU?/^^^- ^'^^ ^ '^^ ^'^^ ^-^"^ ^'^^ ^ '^^ ^'^'^ 
0.000 2.027 3.518 2.361 1.459 14.043 13.201 4.650 
0.163 2.585 4.710 3.042 1.796 19.333 18.119 6.672 
0.304 2.492 4.513 2.929 1.740 18.461 17.308 6.335 
0.428 2.317 4.205 2.725 1.616 17.221 16.143 5.920 
0.538 2.299 4.129 2.697 U.615 16.810 15.768 5.726 
0.636 2.217 3.966 2.599 1.562 16.110 15.115 5.468 
0.724 2.206 3.907 2.580 1.565 15.787 14.821 5.315 
0,803 2.065 3.669 2.417 1.461 14.853 13.941 5.013 
0.875 2.085 3.662 2.434 1.487 14.726 13.832 4.923 
0.940 2.063 3.598 2.405 1.480 14.410 13.542 4.791 
1.000 2.736 5.002 3.223 1.897 20.566 19.270 7.118 
Contd P/ 
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Table 2 .1 (c ) : Isothermal compressibil i ty (p^ x 10 \ cm dyne ) 
of [x glycine + ( l -x) threonine] system. 
Temperature: 298.15 K 
of^glycineU?/^^ ' ' ' ^'^^ ^'^^ ^'^^ ^'^"^ ^'^^ ^ '^^ ^'^'^ 
0.000 2.881 4.707 3.309 2.164 18.087 17.072 5.754 
0.150 4.322 7.060 4.964 3.247 27.125 25.604 8.629 
0.284 4.020 6.589 4.620 3.012 25.379 23.949 8,090 
0.405 3.827 6.270 4.398, 2.868 24.144 22.785 7.695 
0.514 3.667 6.002 4.214 2.751 23.093 21.795 7.355 
0.613 3.504 5.735 4.026 2.629 22.062 20.822 7.026 
0.704 3.348 5.480 3.847 2.512 21.087 19.901 6.716 
0.787 3.212 5.257 3.691 2.410 20.224 19.086 6.440 
0.864 3.081 5.042 3.540 2.311 19.401 18.310 6.179 
0.935 2.966 4.853 3.407 2.225 18.668 17.618 5.945 
1.000 4.469 7.332 5.137 3.346 28.260 26.666 9.013 
Contd p / 
100 : 
Table 2 .1 (c ) : Contd 
Temperature 303.15 K 
of^glycinefx)*/^^*^ ^*-^^ ^*^^ ^'^^ ^'^"^ ^'^^ ^'^^ ^'^"^ 
0.000 2.446 4.113 2.828 1.800 16.107 15.173 5.215 
0.150 3.441 5.859 3.990 2.511 23.122 21.763 7.551 
0.284 3.227 5.506 3.744 2.351 21.758 20.477 7.116 
0.405 3.080 5.250 3.572 2.246 20.736 19.515 6.777 
0.514 2.964 5.042 3.436 2.164 19.890 18.722 6.491 
0.613 2.851 4.843 3 .X4 2.084 19.086 17.967 6.222 
0.704 2.743 4.654 3.178 2.006 18.328 17.255 5.971 
0.787 2.651 4.491 3.070 1.941 17.667 16.634 5.749 
0.864 2.574 4.350 2.979 1.888 17.090 16.094 5.553 
0.935 2.481 4.191 2.872 1.820 16.460 15.501 5.346 
1.000 3.553 6.080 4.125 2.584 24.069 22.646 7.887 
Contd p / 
: 101 ; 
Table 2.1(c) Contd. 
Temperature 308,15 



























































































Table 2 . 1 ( c ) ; Contd 
Temperature 313.15 K 
of^glyclnefx)/^^®' ^ '^^ ^ '^^ ^ '^^ ^*^^ ^'^^ ^•^^ ^'^"^ 
0.000 2.027 3.518 2.361 1,460 14.043 13.201 4.650 
0.150 2.495 4.505 2.931 1.746 18.393 17.248 6.293 
0.284 2.369 4.275 2.783 1.659 17.452 16.366 5.969 
0.405 2.302 4.134 2.701 1.616 16.836 15.792 5.735 
0.514 2.243 4.011 2.629 1.581 16.291 15.285 5.528 
0.613 2.193 3.902 2.568 1.550 15.807 14.836 5.342 
0.704 2.147 3.803 2.512 1.523 15.364 14.424 5.172 
0.787 2.102 3.708 2.457 1.496 14.944 14.033 5.012 
0.364 2.065 3.625 2.411 1.474 14.571 13.687 4.869 
0.935 2.030 3.548 2.367 1.454 14.223 13.364 4.736 
1,000 2.524 4.598 2.970 1.754 18.870 17.685 6.512 
: 103 : 
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Table 2 .1(d) : Isothermal compressibi l i ty (p^ x 10 , cm dyne ) of 
[x prop-2-en- l -ol + (1-x) e thyl benzene] system. 
Temperature: 298.15 K 
prJ^2-e^ \^-SlU) /^^«-* 2.11 2.12 2.13 2.14 2.15 2.16 2.17 
0.0000 4.610 6.781 5.161 3.717 24.057 22.888 7.386 
0.0803 7.275 10.882 8.179 5.801 39.152 37.199 12.050 
0.1749 6.862 10.291 7.719 5.462 37.108 35.249 11.426 
0.3464 6.460 9.643 7.259 5.158 34,639 32.916 10.657 
0.4789 6.204 9.208 6.961 4.972 32.920 31.297 10.119 
0.6762 5.788 8.515 6.480« 4.666 30.213 28.744 9.277 
0.7705 5.538 8.121 6.195 4.474 28.731 27.342 8.819 
0.8753 5.368 7.811 5.993 4.358 27.452 26.141 8.422 
0.9437 5.357 7.729 5.967 4.374 26.955 25.686 8.268 
1.0000 9.433 13.553 10.497 7.723 47.087 44.886 14.443 
Contd P/ 
104 : 
able 2.1(cl): Contd 
Temperature X8.15 K 
? i ^ 2 " n - l - S u x ) / ^ ^ ^ * 2*^^ 2-^2 2.13 2.14 2.15 2.16 2.17 
0.0000 4.200 6.257 4.717 3.358 22.440 21.327 6.901 
0.0803 5.850 9.074 6.636 4.552 33.604 31.838 10.443 
0.1749 5.604 8.694 6.357 4.361 32.197 30.505 10.006 
0.3464 5.420 8.327 6.134 4.245 30.609 29.022 9.482 
0.4789 5.315 8.086 6.000 4.190 29.501 27.991 9.114 
0.6762 5.125 7.681 5.764 4.081 27.681 26.296 8.522 
0.7705 5.002 7.445 5.616 4.001 26.681 25.360 8.205 
0.8753 4.904 7,228 5.492 3.968 25.684 24.436 7.889 
0.9437 4.878 7.128 5.452 3.951 25.139 23.930 7.714 
1.0000 7.423 11.087 8.342 5.925 39.846 37.863 12.260 
: 105 : 
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Table 2 .1 (e ) : Isothermal compressibi l i ty {p- x 10 , cm dyne ) 
of [ X prop-2-en-l-ol 4- (1-x) isopropyl benzene] system. 
Temperature: 298.15 K 
* — — I I ^ — » — « p i r I I I I 1 III » » i I I I I I II I l l III 1 ^ I I I I I . « — r f « i » » 
p ? i ^ S n ^ i ! S l U ) / ^ ^ ^ - ' 2.11 2.12 2.13 2.14 2.15 2.16 2.17 
0.0000 4.758 6.959 5.318 3.850 24.566 23.383 7.539 
0.0551 9.229 13.556 10.328 7.448 48.031 45.702 14.745 
0.1204 8.996 13.192 10.063 7.267 46.677 44.420 14,327 
0.2051 8.611 12.621 9.631 6.959 44.634 42.478 13.700 
0.2976 8.244 12.061 9.217 6.671 42.584 40.532 13.068 
0.4435 7.638 11.143 8.53:^ 6.191 39.249 37.367 12.043 
0.5323 7.260 10.574 8.107 5.892 37.186 35.408 11,409 
0.6437 6.823 9.902 7.613 5.500 34.715 33.065 10.649 
0.7360 6.460 9.343 7.201 5.266 32,657 31.113 10.017 
0.8289 6.104 8.792 6.797 4.990 30.615 29,178 9.391 
0,8973 5.867 8,416 6.526 4.809 29.197 27.836 8,956 
0.9479 5.666 8.108 6.298 4.651 28.066 26.763 8,610 
1.0000 10.885 15.604 12.105 8.925 54.097 51.578 16.595 
Contd P/ 
: 106 : 
Table 2 .1 (e ) : Contd 
Temperature 308.15 K 
r r i ^ - e n ' i ! S l ( x ) / ^ ^ ^ - * ^.11 2.12 2.13 2.14 2.15 2.16 2.17 
0.0000 4.351 6.441 4.879 3.494 22.976 21,848 7.060 
0.0551 7.233 11.060 8.176 5.683 40.506 38.419 12.531 
0.1204 7.095 10.818 8.014^5.585 39.532 37.504 12.220 
0.2051 6.860 10.435 7.744 5.409 38.060 36.114 11,757 
0.2976 6.619 10.035 7.466 5.231 36.504 34.647 11.267 
0.4435 6.227 9.387 7.014 4.939 33.996 32.280 10.480 
0.5323 5.983 8.986 6.733 4.757 32.446 30.817 9.994 
0.6437 5.711 8.523 6.417 4.561 30.609 29.088 9.417 
0.7360 5.486 8.138 6.155 4.399 29.077 27.645 8.937 
0.8289 5.269 7.760 5.901 4.245 27.557 26,216 8.462 
0.8973 5.133 7.510 5.739 4.154 26.517 25.239 8.138 
0.9479 5.029 7.321 5.615 4.082 25.736 24.506 7.896 
1.0000 8.396 12.555 9.438 6.696 45.168 42.916 13.901 
: 107 : 
Table 2,2: Rigid Sphere diameters (a,A°) of aqueous amino acids 
and liquids. 
Aqueous amino acids/.p/^v 









































reinforces further a decrease in tl-ie repuls ive forces ( d i s s o -
c ia t ion) between the components of the system as temperature 
inc reases . The values of P^ ^ are also found to vary with 
var ia t ion in composition as apparent from Table. 
The computed values of Pseudo-Gruneisen parameter, "f^  , 
obtained using eq* (2.22) are l i s t e d in Table 2 .4 . An examination 
of Table reveals that the value of ]~^ decreases with increase 
in temperature. The values of "P* also depend on composition 
of the system l ike those of Pj and P . . 
The values of so lub i l i ty parameter, 5 , are obtained 
by using equation (2.24) and are l i s t ed in Table 2 . 5 . The 
values of 5 increase with increase in temperature. Such an 
increase may be a t t r ibu ted to an increase in the cohesive energy 
dens i ty . Similar ly, these values also vary With var ia t ion in 
composition. While there is no regular trend in the cases of 
[x glycine + (1-x) alanine] and [x glycine + (1-x) leucine] 
systems, "f" increases with increase in mole fract ion for 
[x glycine + (1-x) threonine] , [x prop-2-en-l-ol+ (1-x) ethyl 
benzene] and [x prop-2-en- l -ol + (1-x) isopropyl benzene] systems. 
: 109 : 
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Table 2,3(a); Internal Pressure (P^ x 10 ,dyne cm ) as 
functions of temperature and composition 
of [x glycine + (l-x) alanine] system. 
Mole f rac t ion /T/^r^ 































































Internal pressure (P. x 10 > dyne cm ) as 
functions of temperature and composition 
of [x glycine + (l-x) leucine] system. 
Mole f rac t ion /ri v\ 






























































Table 2 .3 ( c ) : Internal pressure (P^^  x 10 tdyne cm ) as 
functions of temperature and composition 
of [x glycine + (1-x) threonine] system. 
Mole f r ac t i on / w^^ ooft is 

























































Table 2.3(cl): -9 -2 Internal pressure (P . x 10 » dyne cm ) as 
functions of temperature and composition 
of [x prop-2-en-l~ol + (1-x) ethyl benzene] 
system. 
Mole f rac t ion of / r(h'\ 
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Table 2 . 3 ( e ) : I n t e r n a l p re s su re (P^ x 10 , dyne cm ) as 
func t ions of temperature and composit ion of 
[x p r o p - 2 - e n - l - o l + (1 -x) i sopropyl benzene] 
system. 
pi'4-i""r^i-yd) I '^ "-^ ^' -^ ^ ^' -^ ^ 
0.0000 2.817 2.973 
0 .0551 1.434 1.632 
0.1204 1.478 1.677 
0 .2051 1.547 1.746 
0 .2976 1.625 1.826 
0.4435 1.768 1.972 
0 .5323 1.870 2.074 
0.6437 2.011 2.213 
0.7360 2.146 2.344 
0.8289 2.300 2 .493 
0 .8973 2.423 2.609 
0.9479 2.528 2.703 
1.0000 1.309 1.496 
: 114 : 
Table 2 .4 (a ) : Pseudo-Gruneisen Parameter, J ^ for the aqueous 
[x glycine + ( l -x ) alanine] system. 
g lyc inMx)^°" ^^/"^^^^ 298.15 303.15 308.15 313.15 
0.000 -3.074 -4.185 -4,795 -5.133 
0.117 -1.916 -3.424 -4.339 -4.921 
0.229 -1.949 -3.234 -4.000 -4.480 
0.337 -1.733 -2.384 -2.753 -2.962 
0.442 -2.403 -3.952 -4.890 -5.470 
0.543 -2.378 -3.632 -4.384 -4.833 
0.640 -2.746 -4.176 -5.035 -5.559 
0.735 -2.630 -3.386 -4.518 -4.931 
0.826 -2.900 -4.187 -4.828 -5.249 
0.914 -2.789 -3.813 -4.399 -4.731 
1.000 -1.607 -2.853 -3.615 -4.103 
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Table 2 .4 (b ) : Pseudo-Gruneisen Parameter, J^ for the aqueous 
[x glycine + ( l -x) leucine] system. 
of^glycinefx?/"^^^^ ^^^'^^ ^^'^^ ^^'^^ ^^^'^^ 
0.000 -3.074 -4.175 -4.795 -5.133 
0.163 1.782 -0.616 -2.166 -3.185 
0.304 1.385 -1.246 -2.950 -4.052 
0.428 0.121 -1.817 -3.043 -3.830 
0.538 -0.320 -2.446 -3.789 -4.647 
0.636 -1.035 -2.630 -3.626 -4.231 
0.724 -1.481 -3.235 -4.320 -4.974 
0.803 -1.976 -3.347 -4.167 -4.655 
0.875 -2.563 -4.076 -4.972 -5.515 
0.940 -2.614 -3.785 -4.462 -4.859 
1.000 -3.435 0.356 -1.656 -3.005 
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Table 2 .4 ( c ) : Pseudo-Gruneisen Parameter, "P for the aqueous 































































Table 2 .4 (d) : Pseudo-Gruneisen Parameter, J^ for the 
[x prop-2-en- l -ol + ( l -x ) ethyl benzene] system. 
Mole f rac t ion of / T / I / \ 
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Table 2 .4 (e ) : Pseudo-Gruneisen Parameter, J ^ for the 
[x prop-2-en-l-ol + (1-x) isopropyl benzene] system. 
Mole f rac t ion of 
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Table 2 .5 ( a ) : 
- 2 
1/2 
Solubi l i ty Parameter, ^ (dyne cm ) for the aqueous 
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-2 1/2 
Table 2 . 5 ( b ) : S o l u b i l i t y Parameter , g (dyne cm ) for the aqpueous 
[x g lyc ine + (1-x) l e u c i n e ] system. 
Mole f r a c t i o n / w ^ v 
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, 1 / 2 
Table 2 . 5 ( c ) : 
Mole f r a c t i o n 












S o l u b i l i t y 
[x g lyc ine 
/T(K) 
Parameter , 
























































Table 2.5(cl): Solubi l i ty Parameter, S (dyne cm ) for the 
[x prop-2-en-l-ol + ( l -x ) e thyl benzene] system. 
Mole f rac t ion of 
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-2 1/2 
Table 2 .5 (e ) : So lub i l i ty Parameter, 5 (dyne cm ) for the 
[x prop-2-en-l-ol + (1-x) isopropyl benzene] system. 
Mole fraction of 









































APPLICATION OF FLORY THEORY TO MIXTURES OF AMINO ACIDS 
IN AQUEOUS MEDIUM AND LIQUIDS MIXTURES 
: 124 : 
Introduction 
In view of limited u t i l i t y of previous theories of l iquid 
s t a t e , P . J . Flory (102,104) proposed a simple theory based on 
the use of pa r t i t i on function to explain the proper t ies of l iquid 
mixtures of non-polar molecules. Parameters charac ter i s ing the 
pure components such as the densi ty , the thermal expansion 
coef f ic ien t , and the thermal pressure coeff ic ient were used by 
Flory in analysing the proper t ies of l iquid mixtures . Theo-
r e t i c a l expressions for the free-energy, enthalpy, entropy, 
chemical po t en t i a l , and excess volume were also derived. Due 
to i t s mathematical s impl ic i ty , i t has been used extensively for 
predic t ing the various proper t ies of l i q u i d s . Several workers 
have successfully extended th i s theory to binary and ternary 
l iquid mixtures even though i t was i n i t i a l l y proposed for the 
pure l i q u i d s . 
Flory theory has adequately been employed to ca lcula te 
the reduced and the c h a r a c t e r i s t i c thermodynamic parameters of 
l i q u i d s . These parameters may further be employed to evaluate 
the in te rac t ion parameter, X,2» ^^^ v i s cos i t y , T], the surface 
tension, o-, the free-energy, G, the entropy, S, and the u l t r a -
sonic ve loc i ty , u, for the pure components as well as their 
125 : 
binary mixtures. This theory has been further extended for 
evaluat ing the values of surface tension and u l t rason ic veloci ty 
in the cases of ternary systems. In addi t ion, the excess thermo-
E 
dynamic proper t ies such as the excess free-energy, AG , the excess 
E E 
entropy of mixing, A S , the excess v i s cos i t y , A^ and the excess 
molar volume,A V have also been evaluated for binary mixtures. 
Several workers (98, 136-141) have employed the F lory ' s 
theory over a wide range of room temperature l iqu ids and their 
binary mixtures. Some attempts have also been made in the cases 
of molten sa l t s (22,142,143), aqueous solut ion of ionic s a l t s 
as well as in those of the i r binary and ternary mixtures (24) . 
Results thus obtained theore t i ca l ly were found to be in close 
agreement with those of the experimental values . 
In this Chapter an apptempt has been made to examine the 
app l i cab i l i t y of Flory' s theory to the aqueous mixtures of 
[x glycine + (1-x) a l an ine ] , [x glycine + ( l -x) leucine] and 
[x glycine + ( l -x) threonine] as well as to those of the l iquid 
mixtures: [x prop-2-en-ol + ( l -x) ethyl benzene] and [x prop-2-
en- l -o l + ( l -x) isopropyl benzene]. 
126 : 
Theoret ica l : 
Treatment of Data of Pure Components; 
Flory (102,104) has given a reduced equation of s ta te 
for l i qu ids in terms of the reduced parameters, 
1 
PV V '^  1 
TT = — I ;= • (3.1) 
T v K i VT 
This i s ident ica l with those of the Hirschfelder and Eyring 
r e l a t i o n (144,145). 
The reduced parameters such as the reduced volume, V, 
the reduced temperature, T, and the reduced pressure , P, are 
expressed in terms of the cha rac t e r i s t i c parameters a s . 
V - V / V * (3.2) 
P' = P/P* (3.3) 
7 = T/T* (3.4) 
where V, P and T stand for the molar volume, the atmospheric 
pressure and the absolute temperature, respectively, while V ,P 
and T are the corresponding characteristic parameters of the 
127 : 
pure components. 
The reduced equation of s ta te (equation 3.1) a t P = 0 
assumes the form, 
^1/3 J^/3 
(V -1)/V = T • (3.5) 
The reduced volume, V, i s obtained by using the following 
r e l a t i o n , 
^1 /3 aT 
V -1 := (3.6) 
3(l+aT) 
where a represents the coeff ic ient of thermal expansion at 
temperature T; assuming pressure to be very close to zero, 
P =» 0 . I t has been found that equation (3.6) is applicable to 
the systems not only in the low pressure range but also a t 
atmospheric pressure with ins ign i f ican t e r r o r s . The coeff ic ient 
of thermal expansion, a,(83) is obtained using the densi ty da ta . 
^l 
« = ) ( T f ^ p (3.7) 
where f is the density of the system. The reduced temperature 
is obtained by substituting the value of reduced volume (obtained 
: 128 : 
with the help of ecpjation (3.6)) in equation ( 3 . 5 ) . 
The c h a r a c t e r i s t i c pressure is obtained from the reduced 
equation of s ta te as follows: 
P = Y T V (3.8) 
where y, the thermal pressure coef f ic ien t , i s given as 
Y = ( ^ ) V = ^ (3 .9 ) 
PT 
where a and p^ are the thermal expansion coeff ic ien t and the 
isothermal compressibi l i ty , respec t ive ly . 
Treatment of Data of Binary mixtures: 
F lo ry ' s s t a t i s t i c a l theory has been extended to binary 
mixtures to evaluate the observed reduced volume as , 
V o b s = — ' TT-r-:7^ (3.10) X V, + (1-x) V^ 
The reduced temperature, T, i s given a s . 
7 = (lll^P* r^ + llJ2P2 T2)/(lll^P* + 1|J2P2 - 'l'i(t)2 ^2'^ (3.11) 
: 129 : 
where (|), ij) and X^g stand for the s i t e f rac t ion , the segement 
f rac t ion and the in terac t ion parameter, r e spec t ive ly . Subscripts 
1 and 2 are used for the two components. 
The following r e l a t ions are employed to evaluate the 
c h a r a c t e r i s t i c parameters of binary mixtures: 
V* = X V* + (1-X) V* (3.12) 
P* = IJI^ P* + 1|J2P2 - 'i'1^1^12 (3-13) 
1 ^2^2 \ , 
+ — 5 - (lil^P^ + ^^?2 - ^ l M l 2 ^ ^^'^"^^ 
where x and (1-x) are the mole f rac t ions of the two components. 
To get the values of the segment f rac t ions , IJJ, and IJJ2 
and the s i t e f r ac t ions , ({)•, and ^2» *^ f "the components as well as 
the in te rac t ion parameter, X,2» of the binary mixture, the fo l l o -
wing expressions are employed: 
( l -x ) 
IjJ^  = 1 - 0j_ = * — (3.15) 
IX : 
III. 
4'2 = 1 - ^1 = V, - 1 / 3 
^ + ill, (-5-) 
V2 
(3.16) 
^12 = h 
V* -1 /6 P* 1/2-
1 - (4) (4) (3.17) 
The reduced volume of mixtures i s also obtained by an 
a l t e rna t ive method. 
The reduced volume of the mi>iture is the sum of the 
reduced volumes of the pure components and the reduced excess 
volumes, 
V = V^ •«- V o (3.18) 
where V is the ideal reduced volume given as , o ' 
^0 » ^1^1 •" ^2^2 (3.19) 
and V can be expressed to an adequate approximation as, 
7/3 1/3 
V = (V^ ) l\ . (V^ ) ] (T - T^ ) (3.20) 
where T stands for the ideal reduced temperature which may be 
: 131 : 
expressed as follows: 
1/3 4/3 
T , =(V^ -1)/V^ . (3.21) 
The value of T in equation (3.20) is obtained with the 
help of equation (3 .11 ) . 
Excess Volume: The observed reduced volume, V . , obtained 
' • • ' O D S 
from equation (3.10) and the excess reduced volume are re la ted 
to each other as follows: 
^ ^ E • ^ * 
^obs - ' ^ 0 = ^ = V / ( X V ^ + (1-x) V2) (3.22) 
where V i s the ideal reduced volume obtained by using 
equation (3.19) . 
From equations (3.22) and (3 .19) , one gets 
V - [XV^ + (1-x) V2][V - (IjI^ V^ + l ^ 2 V 3 - (3.23) 
: 132 : 
Resul ts and Discussion: 
The calculated values of thermal expansion coeff ic ient 
obtained by using equation ( 3 . 7 ) , of aqueous solutions of 
[x glycine + (1-x) a l an ine ] , [x glycine + (1-x) l euc ine ] , and 
[x glycine + (1-x) threonine] ; and the l iqu id mixtures [x prop-
2-en- l -o l + (1-x) ethyl benzene] and [x prop-2-en- l -ol + (1-x) 
isopropyl benzene] are l i s t e d in Table 3 . 1 . 
An examination of th i s table reveals tha t the values of 
a decrease with increase in temperature. These values show 
i r r egu la r var ia t ion with composition. 
The values of thermal pressure coeff ic ient are evaluated 
by using equation (3.9) (the values of p^ l i s t ed in Chapter I I 
are employed) are l i s t e d in Table 3 .2 . The values of y are 
found to increase with increase in temperature. 
The reduced volumes of the binary systems obtained by 
using equations (3.10) and (3,18) are given in Table 3.3 and 
are found to increase with increase in temperature in a l l the 
systems under study. In the cases of [x glycine + (1-x) leucine] 
and [x glycine + (1-x) threonine] the values of V increase with 
an increase in the mole f rac t ion , x but decrease in those of 
[x glycine + ( l -x ) a l an ine ] , [x prop-2-en- l -ol + (1-x) ethyl 
benzene] and [x prop-2-en- l -ol + (1-x) isopropyl benzene] systems. 
133 
3 -1 
Table 3 .1(a) : Thermal Expansion Coefficient (a x 10 , K ) 
of [x glycine -•• (1-x) alanine] system as 
functions of mole f rac t ion and temperature. 
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3 -1 
Table 3.1(b): Thermal Expansion Coefficient (a x 10 , K ) of 
[x glycine + ( l -x) leucine] system as functions 
of mole f ract ion and temperature. 
Mole f raction/T/j^\ 
of glycine(x)/^^'^^ 
0.000 
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Table 3 .1(c) : 
3 -1 
Thermal Expansion Coefficient (a x 10 , K ) of 
[x glycine + (1-x) threonine] system as functions 
of mole fract ion and temperature. 
































































Thermal Expansion Coefficient (a x 10 , K ) of 
[x prop-2-en-l-ol + (1-x) ethyl benzene] system 
as functions of mole fraction and temperature. 
Mole fraction of 
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Table 3 .1(e) : 
3 -1 
Thermal Expansion Coefficient (a x 10 » K ) of 
[x prop>-2-en-l-ol + (1-x) isopropyl benzene] 
system as functions of mole f rac t ion and temperatu: 
Mole fraction of Oie i r a c t i  r /rtv\ 
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Table 3 .2 (a ) : Thermal pressure coeff ic ient (Yp x 10 , tlyne cm K ) of 
[x glycine + (1-x) alanine] system as functions of mole 
f ract ion and temperature. 
Mole fract ion/ j( |^ j 298.15 303.15 308.15 313.15 



























































Table 3.2( b) :Thermal pressure coeff ic ient (Yp x 10 , dyne cm K ) 
of [x glycine + (1-x) leucine] system as functions of 
mole f rac t ion and temperature. 
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Table 3.2( c) :Thermal p re s su re c o e f f i c i e n t (Yp x 10 , dyne cm K ) 
of [x g lyc ine + (1-x) th reon ine] system as func t ions 
of mole f r a c t i o n and t empera tu re . 
Mole f r a c t i o n 
wiox« irdCT.xon/^(^) 298.15 303.15 308.15 



























































Table 3.2(d): Thermal pressure coefficient (Vn x 10 , dyne 
-2 -1 ^ 
cm K ) of [x prop-2-en-l-ol + (1-x) e thyl 
benzene] system as functions of mole f rac t ion 
and temperature. 
Mole f rac t ion of /-rf i/\ 

































Table 3.2(e) : Thermal pressure coeff ic ient (YD x 10 , dyne 
-2 -1 ^ 
cm K ) of [x prop-2-en-l-ol + (1-x) isopropyl 
benzene] system as functions of mole f rac t ion 
and temperature. 
Mole f rac t ion of 
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The calculated values of V are found to be in close agreement 
with those of experimental values . 
The values of reduced temperature calculated using 
equations (3.5) and (3.11) for the pure components and the 
binary mixtures, respect ive ly , are l i s t e d in Table 3.4, The 
values are found to increase with increase in temperature for 
a l l the systems under inves t iga t ion . These values also vary 
with va r ia t ion in composition. In the case of [x glycine + ( l -x ) 
alanine] system, the values of T are found to decrease with 
increase in x unlike the system [x glycine + ( l -x) leucine] 
where ins ign i f ican t var ia t ion in T is recorded with x . 
Similar ly , an i r regu la r trend in the var ia t ion of T with 
composition is recorded in the cases of [x glycine + ( l -x) 
threonine] , [x prop-2-en-l-ol + ( l -x) ethyl benzene] and [x prop-
2-en- l -o l + (l~x) isopropyl benzene} systems. 
The cha rac t e r i s t i c volumes calculated by using equations 
(3.2) and (3.12) for the pure components and thei r binary mixtures, 
» 
respectively, are listed in Table 3.5. The values of V show 
a usual increase with increase in temperature and decrease with 
increase in the mole fraction in all the systems under investi-
gation. 
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Table 3 . 3 ( a ) : 
- 5 
V^u X 10 ) and c a l c u l a t e d 
ODS 
>"^) Of [x g lyc ine + (1-x) 
Observed reduced volume ( , 
reduced volume (V_ ^ .^x 10" 
a l an ine ] system as func t ions of mole f r a c t i o n and 


































































































* ^ c a l c . v^^^es are given wi th in p a r e n t h e s i s . 
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-5 
Table 3 . 3 ( b ) : Observed reduced volume (V KS '^  •'•^  ^ ^"^ c a l c u l a t e d 
reduced volume (V ^-5 
cade X 10" ) of [x g lyc ine + (1-x) 
l euc ine ] system as func t ions of mole f r a c t i o n and 


































































































* V , va lue s are given wi th in p a r e n t h e s i s , 
c a l e . 
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Table 3 . 3 ( c ) : - 5 Observed reduced volume (V u, x 10 ) and c a l c u l a t e d 
reduced volume (V ^-5 
calc X 10" ) of [x g lyc ine + (1-x) 
th reon ine ] system as func t ions of mole f r a c t i o n and 
t empera tu re . 
Mole fraction/^./^\ 
































































































* V ^ - i - va lue s are given wi th in p a r e n t h e s i s 
C 3XC • 
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Table 3.3(d)! Observed reduced volume (V . x 10 ) and calculated 
reduced volume (V^^j^^ x lO" ) of [x prop-2-en-l-ol + 
(1-x) ethyl benzene] system as functions of mole 
f ract ion and temperature. 
Mole f rac t ion ofyT/k-A 















































• V , values are given within parenthesis , 
c axe • 
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^ - 3 
Table 3 . 3 ( e ) : Observed reduced volume (V^. x 10 ) and c a l c u l a t e d 
ODS 
reduced volume (V , x 10 ) of [x p r o p - 2 - e n - l - o l + 
(1-x) isopropyl benzene] system as functions of mole 
f r a c t i o n and t e m p e r a t u r e . 
Mole f r a c t i o n of 































































V \ va lues 
ca lc 
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Table 3 .4(a) : 
Reduced Ten,perature, ? of fx ai . 
aianinej sys te . as unction of . " ' ^ ' " ' ^ 
and temperature. '"^^^ fract ion 
Mole f rac t ion/^ , , 




























































Table 3 .4(b) : Reduced Temperature, T of [x glycine + (1-x) 
leucine] system as functions of mole f rac t ion 
and temperature. 
Mole f rac t ion/^ /^ \ 

























































Table 3 ,4(c) : Reduced Temperature, T of [x glycine + (1-x) 
thronine] system as functions of mole f ract ion 
and temperature. 
Mole f rac t ion 

























































Table 3.4(d): Reduced Temperature, 7 of [x prop-2-en- l -ol + 
(1-x) ethyl benzene] system as functions of 
mole f ract ion and temperature. 
Mole f ract ion of /-r/ir) 
































Table 3 . 4 ( e ) : Reduced Temperature, T of [x p r o p - 2 - e n - l - o l + 
(1-x) i sopropyl benzene] system as f unc t i ons 
of mole f r a c t i o n and t empera tu re . 
Mole f r a c t i o n of 
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Table 3 .5(a) : Charac te r i s t i c Volume (V , cc mol ) of 
[x glycine + (1-x) alanine] system as functions 
of mole fract ion and temperature. 
• " ' • - 1 ' " 
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Table 3 .5(b) : Charac te r i s t i c Volume (V , cc raol ) of 
[x glycine + (1-x) leucine] system as functions 
of mole f ract ion and temperature. 
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Table 3 .5(c) : Charac te r i s t i c Volume (V , cc mol ) of 
[x glycine + (1-x) threonine] system as functions 
of mole fract ion and temperature. 

























































Table 3.5(d): * -1 Charac te r i s t ic Volume (V , cc mol ) of 
[x prop-2-en-l-ol + (,1-x) ethyl benzene] system 
as functionsof mole f ract ion and temperature. 
Mole f rac t ion of /•v(vc\ 

































Table 3.5(e): Characteristic Volume (V , cc mol ) of 
[x prop-2-en-l-ol + (1-x) isopropyl benzene] 
system as functions of mole fraction and 
temperature. 
Mole fraction of /X/I^ N ono ic -^r^o ic. 
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The cha rac t e r i s t i c pressure of the pure components and 
the i r binary mixtures are calculated using equations (3«8) and 
(3 .13 ) , respect ive ly , and are l i s t e d in table 3 .6 . The values 
are found to increase with increase in temperature. The values 
of P are also found to vary with va r ia t ion in composition. 
In the cases of [x glycine + (1-x) l euc ine ] , [x glycine + (1-x) 
threonine] , [x prop-2-en-l-ol + (1-x) ethyl benzene] and [x prop-
2-en- l -o l + (1-x) isopropyl benzene] systems the values of P 
are found to increase with increase in mole fract ion but decrease 
in the case of [x glycine + (1-x) alanine] system. 
The values of characteristi^c temperature of pure as well as 
of t h e i r binary mixtures calculated using equation (3.4) and 
(3 .14 ) , respect ive ly , are l i s t ed in Table 3.6. The values of T 
increase with increase in temperature. For systems [x glycine + 
(1-x) leucine] ,[x glycine + ( l -x ) threonine] , [x prop-2-en- l -ol + 
(1-x) ethyl benzene] and [x prop-2-en-l-ol + (1-x) isopropyl 
* benzene J the trend of var ia t ion of T i s i r r egu la r with 
va r i a t ion in composition but in the case of [x glycine + (1-x) 
alanine] system the value of T increases with increase in the 
mole f ract ion of g lycine . 
The parameter (jjj^ , <^^f and X^^ required for the calcu-
l a t i on of the cha rac t e r i s t i c and the reduced quan t i t i e s have 
been calculated using equations (3 .15 ) , (3.16) and (3 .17 ) , 
: 160 : 
* -10 -2 
Table 3.6(a) Charac te r i s t i c Pressure (P x 10 , dyne cm ) 
of [x glycine -•- (1-x) alanine] system as functions 
of mole f ract ion and temperature. 
Mole fract ion/T/L' \ 
























































: 161 : 
* -10 -2 
Table 3.6(b): Charac te r i s t ic Pressure (P x 10 , dyne cm ) 
of [x glycine + ( l -x) leucine] system as functions 
of mole fraction and temperature. 
oJ^glyJineUy/TCK) 298.15 303.15 308.15 313.15 
0.000 
0.163 
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Table 3 .6(c) : Charac ter i s t ic Pressure (P x 10 , dyne cm ) 
of [x glycine + (1-x) threonine] system as 
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Table 3.6(d): Charac te r i s t ic Pressure (P x 10 dyne cm ) 
of [x prop-2-Gn-l-ol + (1-x) ethyl benzene] 
system as functions of mole fract ion and 
temperature. 
Mole f rac t ion of 
































Table 3 .6(e) : • -10 -2 Charac te r i s t i c Pressure (P x 10 , dyne cm ) 
of [x prop-2-en-l~ol + (1-x) isopropyl benzene] 
system as functions of mole f ract ion and 
temperature. 
Mole f ract ion of /-TILTS 
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Table 3.7(a) Charac te r i s t i c temperature (T x 10 ,K) of 
[x glycine + (1-x) alanine] system as functions 
of mole f ract ion and temperature. 

























































Table 3.7(b): • - 1 Charac ter i s t ic temperature (T x 10 , K) of 
[x glycine + ( l -x ) leucine] system as functions 
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Table 3 .7 (c ) : Charac te r i s t i c temperature (T x 10 , K) of 
[x glycine + (1-x) threonine] system as functions 
of mole fract ion and temperature. 

























































Table 3 .7(d) : Charac te r i s t i c temperature (T , K) of 
[x prop-2-en-l-ol + (1-x) ethyl benzene] system 
as functions of mole f ract ion and temperature. 
Mole f rac t ion of /xn^'i 
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Table 3 .7(e) : Charac ter i s t ic temperature (T , K) of 
[x prop~2-en-l-ol + ( l"x) isopropyl benzene] 
system as functions of mole fract ion and 
temperature. 
Mole f rac t ion of 









































respec t ive ly . These values are l i s t e d in Tables 3.8 to 3.91 
An examination of Table 3.8 shows that the values of IJJ, decrease 
ins ign i f i can t ly with an increase in temperature in the cases of 
[x glycine + (1-x) a l an ine ] , [x glycine + (1-x) leucine] and 
[x glycine + (1-x) threonine] systems. 
S imi l a r l i e s , the values of (() are found to increase with 
increase in temperature in the cases of [x glycine + ( l - x ) 
l euc ine ] , [x glycine + (1-x) threonine] , [x prop-2-en- l -ol + 
(1-x) e thyl benzene] and [x prop-2-en- l -ol + (1-x) isopropyl 
benzene] systems, while show a decrease in that of [x glycine + 
(1-x) a l a n i n e ] . The values are found to increase with increase 
in the mole f ract ion in a l l the cases . 
The values of X,2 sre found to be unaffected by va r ia -
t ions in mole f ract ion unlike tha t of temperature (Table 3.91) 
The experimental and the computed values of the excess 
volume obtained using equation (3.23) for the binary systems 
(Table 3.92^ show reasonable agreement with each o ther . 
Thus, the Flory*s s t a t i s t i c a l theory may not only be 
applied successfully to molecular l iqu ids but i t may equally be 
good for the aqueous solutions of amino ac ids . 
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Table 3.8(a): Parameter ijl, x 10 for glycine in aqueous 
solution of (x glycine + (1-x) alanine) system 






















































Table 3.8(b): Parameter IJJ, x 10 for glycine in aqueous 
solution of [x glycine + (1-x) leucine] system 
as functions of mole fraction and temperature. 





















































Table 3 .8(c) : Parameter ij), x 10 for glycine in aqueous 
solution of [x glycine •+• (1-x) threonine] 
system as functions of mole fract ion and 
temperature. 





















































Table 3.8(d): Parameter l|lj^  x 10 for prop-2-en-l-ol in 
l iquid mixture of [x prop-2-en-l-ol + (1-x) 
ethyl benzene] system as functions of mole 
fract ion and temperature. 
Mole f ract ion of /xi\c\ 


























Table 3 .8(e) : Parameter ifl, x 10 for prop-2-en-l-ol in l iquid 
mixture of [x prop-?-en- l -ol + (1-x) isopropyl 
benzene] system as functions of mole f rac t ion 
and temperature. 
Mole f rac t ion of /TCI/N 



































Table 3 . 9 ( a ) : Parameter ((), x 10 for glycine in aqueous 
solution of [x glycine + (1-x) alanine] system 
as functions of mole f rac t ion and temperature. 
Mole fraction/TC i,rN 















































Table 3 .9(b) : Parameter ^^ x 10 for glycine in aqueous 
solution of [x glycine + ( l -x ) leucine] 
system as functions of mole fract ion and 
temperature. ^ 
Mole fraction/^/p,\ 
















































Table 3.9(c): Parameter (J), x 10 for glycine in aqueous 
solution of [x glycine + (1-x) threonine] 
system as functions of mole fraction and 
temperature. 
Mole fraction/•r/ ' fe.\ 



















































Table 3.9(d) : Parameter (^^ x 10 for prop-2-en-l-ol in 
l iquid mixture of [x prop-2-en-l-ol + ( l -x ) 
ethyl benzene] system as functions of mole 
fract ion and temperature. 
Mole f rac t ion of /-yf^\ 


























Table 3 .9(e) : Parameter (J), x 10 for prop-2-en-l-ol in 
l iquid mixture of [ x prop-2-en-l-ol + (1-x) 
isopropyl benzene] system as functions of 
mole f ract ion and temperature. 
Mole f ract ion of 
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Table 3.91: Flory* s In terac t ion Parameter (X,2 x 10 , dyne cm ) 
for aqueous solution of amino acids and l iqu id 
mixtures as a function of temperature. 
Systems 298.15 303.15 X8.15 313.15 
[x glycine + (1-x) alanine]©.0529 0.2390 0.7411 1.8919 
[x glycine + (1-x) leucine]0.3139 0.3172 0.2903 0.2519 
[x glycine + (1-x) 0.2162 0.2148 0.1939 0.1556 
threonine] 
[x prop-2-en- l -ol + (1-x) 
e thyl benzene] 0.6086 - - 0.5175 
[x prop-2-en- l -ol + (1-x) 
isopropyl benzene] 0.7185 - - 0.6120 
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Table 3 . 9 2 ( a ) : Experimental and computed va lues of excess volume 
E 4 - 1 
(V X 10 , cc mol ) of [x g lyc ine + (1-x) a l a n i n e ] 
system as func t ions of mole f r a c t i o n and temperature , 

































































































* Computed values are given within p a r e n t h e s i s . 
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Talxle 3.92(b): Experimental and computed values of excess volume 
E 4 -1 
(V X 10 , cc.mol ) of [x glycine + (1-x) leucine] 
system as functions of mole f ract ion and temperature 

































































































* Computed values are given within pa ren thes i s . 
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Table 3.92(c) Experimental and computed values of excess volume 
E 3 -1 
(V X 10 , cc . mol ) of [x glycine + ( l -x ) 
threonine] system as functions of mole f rac t ion 
and temperature. 
Mole f rac t ion 

















































( 0.0229) ( 
-0.0086 












































* Computed values are given within pa ren thes i s . 
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Table 3.92(d): Experimental and computed values of excess volume 
E -1 
(V , cc.mol ) of [x prop-2-en- l -ol + (1-x) ethyl 
benzene] as functions of mole fraction and tempe-
rature . 
Mole f ract ion of 















































• Computed values are given vi th in paren thes i s . 
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Table 3.92(e) : Expeirimental and computed values of excess volume 
E - 1 
(V , CO mol ) of [x prop-2-en-l-ol + (1-x) isopropyl 
benzene] as functions of mole f ract ion and tempe-
r a t u r e . 
Mole f rac t ion of 
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0.8973 -0.13153 -0.14074 
(-0.13152) (-0.14073) 
0.9479 -0.10117 -0 .10X1 
(-0.10118) (-0.10X0) 
1.0000 -0.12001 -0.12113 
• Computed values are given within parenthes is . 
CHAPTER-IV 
SURFACE TENSION AND THERMAL CONDUCTIVITY OF MIXlUKiS 
OF M1IN0 ACIDS IN AQUEOUS MEDIUM AND LIQUID MIXTURES 
108 : 
Introduction: 
A number of attempts have been made for the theore t i ca l 
evaluation of surface tension of l i qu id s , molten s a l t s and 
aqueous solutions of ionic s a l t s . Guggenheim (61) , using a 
quas i -c rys ta l l ine model, has derived equations for ideal and 
regular solutions.Heymann e t a l . (62) tested Guggenheim's method 
for molten s a l t s . The method was further improved by Hoar and 
Melford (63 ) . 
Bertozzi and Sternheim (64,65) employed th i s improved 
method in the cases of a lka l i n i t r a t e s and binary halide systems 
and found large deviation in the two values, v iz . Experimental 
and t h e o r e t i c a l . To improve the agreement with the experimental 
r e s u l t s , they introduced an in terac t ion parameter. Nissen and 
Domelen (67,68) applied the equation based on the regular solu-
tion theory developed by assuming the q u a s l - l a t t i c e model and 
the random d i s t r i bu t i on of species both in the bulk phase and 
in the surface phase, in the cases of binary molten s a l t s . 
Patterson ^ ^ . (146) have drawn a t tent ion to the close 
connection bstween the Flory theory of mixtures and the cor res -
ponding s t a t e s theory of Prigogive by employing a simple ce l l 
model of l iqu id s t a t e . Flory*s s t a t i s t i c a l theory has been 
applied successfully to evaluate the surface tension of pure 
189 
l iqu ids and binary l iqu id mixtures through the use of sui table 
c h a r a c t e r i s t i c parameters. Pandey e_t j l . have extended the 
Flory* s s t a t i s t i c a l theory to evaluate the surface tension in 
the cases of binary mixtures (142,143) of molten s a l t s and 
ternary mixtures (147) of polymeric solutions* 
Auerbach (134) correlated the u l t rasonic veloci ty and the 
density of a system with i t s surface tension. 
Few attempts have been made to understand the phenomena 
involving equilibrium as well as t ranspor t proper t ies such as 
thermal conductivity of various f luids and the i r mixtures (148). 
In th i s Chapter, the computation of the surface tension 
and the thermal conductivity have been given using the experimen-
tal values of the ul t rasonic ve loc i t i e s and the dens i t i e s of the 
systems under inves t iga t ion . 
Theoret ipal : 
Auerbach (134) has given a r e l a t i on for evaluating the 
surface tension, o", using the value of ul t rasonic ve loc i ty and 
densi ty , 
-4 3/2 
a = 6.31 X 10 u P (4.1) 
where / and u stand for the density and the ultrasonic 
; 190 : 
velocity of the system, respectively. 
According to the Flory theory, the surface tension is 
expressed as, 
(T = cr ^ iv) (4.2) 
* 
where or is expressed by Patterson as follows, 
* 1/3 •a/a *i/3 
<r = k P T (4.3) 
in which k, P and T stand for the Boltzmann constant , the 
c h a r a c t e r i s t i c pressure and the temperature, r e spec t i ve ly . 
Patterson and Rastogi have also derived a reduced surface 
tension equation, 
, ^ 1/3 ^ / 3 
. . -5 /3 V -1 V - 0 . 5 
a(V) =MV 2 in jy^ (4.4) 
V V - 1 
where V stands for the reduced volume and M is the fractional 
reduction in the number of neighbours of a cell owing to migra-
tion froB the bulk phase to the surface phase. 
The thermal conductivity, ^  , of a liquid can be obtained 
using the following relation (148), 
2/3 -1/3 
A = 2.8 k a Y u (4.5) 
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where y and n. stand for the specif ic heat r a t i o and the 
nunber of molecules per unit volume which is equal to NJVM 
(M and N are the molecular weight and the Avogadro's number, 
r e s p e c t i v e l y ) . Other symbols in equation (4.5) have t he i r 
usual meanings. 
Resul ts and Discussion; 
The computed values of surface tension (using equation 
(4.1)) of aqueous solut ions of [x glycine + ( l -x) a l an ine ] , 
[x glycine + ( l -x ) leucine] and [x glycine + ( l -x ) threonine] , 
and l iqu id mixtures: [x prop-2.-en-l-ol + ethyl benzene] and 
[x prop-2-en- l -o l + isopropyl benzene] are l i s t ed in Table 4 . 1 . 
An examination of th is table shows tha t the values of <r for 
the systems [x glycine + ( l -x ) a l an ine ] , [x glynine + ( l -x ) 
leucine] and [x glycine + ( l -x) threonine] increase with increase 
in temperature and decrease in the cases of [x prop-2-en-l-ol + 
( l -x ) e thyl benzene] and [x prop-2-en-l-ol + ( l -x ) isopropyl 
benzene] systems with temperature. As is well known, the surface 
tension of any l iquid is a d i r ec t consequence of i t s cohesive 
fo rces . Hence, an increase in the values of surface tension 
for the aqueous solut ions of amino acids with increase in 
temperature lends support to the idea of reduction in d issocia-
tion as temperature increases . But »in the cases of l iqu id mix-
tures the cohesive forces reduce with an increase in temperature. 
192 : 
The values of cr are also affected by var ia t ions in the composi-
t ion of mixtures. In the cases of [x prop-2-en-l-ol + ( l -x ) 
ethyl benzene] and [x prop-2-en-l-ol + ( l -x ) isopropyl benzene] 
the values of cr decrease with increase in mole f rac t ion , but 
no regular trend i s found in aqueous solut ions of amino ac ids . 
The values of M obtained from equations (4.2) and (4,4) are 
l i s t e d in Table 4.2 show their composition dependence in a l l the 
cases . In the cases of [x prop-2-en-l-ol + ( l -x) ethyl benzene] 
and [x prop-2-en-l-ol + ( l -x) isopropyl benzene] systems M has 
been found to decrease with increase in mole fract ion suggesting 
thereby a f ract ional decrease in the neighbourhood of a ce l l in 
the surface phase compared to the bulk phase. 
The values of thermal conductivi ty, obtained from equa-
tion (4.5) show var ia t ions with both temperature and composition 
(Table 4 . 3 ) . These values are found to increase with increase 
in temperature in a l l the systems. Such an increase in thermal 
conductivity apparently seems to stem from a corresponding 
decrease in the free volume with increase in temperature. 
In the cases of [x glycine + ( l -x ) threonine] , [x prop-
2-en- l -o l + ( l -x ) ethyl benzene] and [x prop-2-en-l-ol + ( l -x) 
isopropyl benzene] systems the thermal conduct iv i t ies values 
are found to increase with increases in mole f rac t ion , x. 
193 
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Table 4 . 1 ( a ) : Computed surface tension (cr, dyne cm ) of 
[x glycine + (1-x) alanine] system. 
of^gl^cineU?'^'^^'^^ 298.15 303.15 308.15 313.15 
0.000 36.392 36.745 36.960 37.226 
0.117 36.729 37.147 37.458 38.009 
0.229 36.351 36.898 37.740 37.785 
0.337 36.238 36.715 37.029 37.426 
0.442 35.880 36.386 36.838 37.419 
0.543 35.912 36.389 36.766 37.256 
0.640 35.981 36.324 36.725 37.310 
0.735 35.976 36.294 36.671 37.150 
0.826 36.286 36.471 36.885 37.410 
0.914 36.455 36.700 36.999 37.335 
1.000 36.421 37.745 37.079 37.659 
: J94 
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Table 4 . 1 ( b ) : Computed syrface t ens ion ((T, dyne cm ) of 
[x g lyc ine + (1-x) l e u c i n e ] system. 
f^glycine^°x)/ '^^^^ 298.15 303.15 308.15 313.15 
0.000 36.392 36.745 36.960 37.226 
0 .163 36.193 36.555 36.822 36.964 
0 . X 4 36.188 36.592 36.978 37.130 
0.428 36.386 36,828 37.135 37.332 
0 .538 36.157 36.579 36.920 37.174 
0.636 36.086 36.499 36.879 37.003 
0.724 35.933 36.407 36.801 36.962 
0 .803 36.446 36.964 37.285 37.550 
0 .875 36.263 36.657 36.913 37.297 
0.940 36.106 36.480 36.713 37.117 
1.000 36.404 36.761 37.048 37.248 
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Table 4 . 1 ( c ) : Computed surface tension (cr, dyne cm ) of 
[x glycine + (1-x) threonine] system. 
of^g/cineU?/ '^^'^^ 298.15 303.15 X8.15 313.15 
0.000 36.392 36,745 36.960 37.226 
0.150 35.941 36.372 36.593 36.897 
0.284 36.032 36.425 36.701 37.021 
0.405 36.000 36.473 36.710 37.016 
0.514 35.953 36.475 36.724 37.050 
0.613 35.990 36.516 36.739 37.061 
0.704 36.101 36.620 36.764 37.104 
0.787 36.161 36.669 36.790 37.181 
0.864 36.319 36.714 36.890 37.275 
0.935 36.311 36.831 36.926 37.321 
1.000 36.353 36.6^5 36.867 37.292 
: 196 
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Table 4« l (d ) : Computed surface tension (<T, dyne cm ) of 
[x prop-2-en-l-ol + ( l -x ) ethyl benzene] 
system. 
Mole f rac t ion 
of prop-2-en- l -ol (x) /T(K) 298.15 308.15 
0.0000 25.830 24.528 
0.0803 25.642 24.317 
0.1749 25.396 24.074 
0«3464 24.931 23.558 
0.4789 24.591 23.178 
0.6762 24.095 22.672 
0.7705 23.841 22.441 
0.8753 23.484 22.237 
0.9437 23.228 22.127 
1.0000 22.949 22.021 
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Table 4 .1 ( e ) : Computed surface tension (cr, dyne cm ) of 
[x prop-2-en-l-ol + (1-x) isopropyl benzene] 
system. 
Mole f rac t ion of 
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Table 4 . 2 ( a ) : Values of Parameter M for (A) [x g lyc ine + 
(1-x) a l a n i n e ] , (B) [x g lyc ine + (1-x) l euc ine ] 
and (C) [x glycine + (1-x) th reonine] systems 
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Table 4 .2 (b) : Values of Parameter M for (A) [x prop-2-erv-l-ol+ 
(1-x) e thyl benzene] and (B) [x prop-2-en- l -ol + 
(1-x) isopropyl benzene] systems at 298.15 K. 
A B 
Mole f rac t ion 





















Mole f r a c t i o n 
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Table 4.3(a) : Thermal conductivity ( A X 10 ^ JK sec cm ) 
of [x glycine + ( l -x) alanine] system. 
Mole f rac t ion 
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Table 4.3(b) s Thermal conductivity ( Ax 10 , JK sec cm ) 
of [x glycine ••• (1-x) leucine] system. 
Mole f ract ion /r(v\ 
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Table 4 . 3 ( c ) : Thennal c o n d u c t i v i t y ( Ax 10 , JK sec cm ) 
of [x g lyc ine + (1-x) th reon ine ] system. 
Mole f r a c t i o n 
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3 - 1 - 1 - 1 
Table 4 . 3 ( d ) : Thermal conduc t iv i t y ( / \ X 10 , JK sec cm ) 
of [x prop-2 ' -€n- l -o l + (1-x) e t h y l benzene] 
system. 
Mole f r a c t i o n of 
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Table 4 . 3 ( e ) : 
3 - 1 - 1 - 1 
Thermal c o n d u c t i v i t y ( A X 10 , JK sec cm ) 
of [x p r o p - 2 - e n - l - o l + (1-x) i sopropyl benzene] 
system. 
Mole f r a c t i o n of 
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